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Introduction

Eosinophils are nonimmune inflammatory cells which are intricately involved in helminthic
infections and allergic hypersensitivity reactions (1, 2). Activated eosinophils produce a host of
mediators, including cytokines which can be both detrimental as well as helpful to the host (3, 4,
5). Cytokines such as IL-la, IL-1p and TNFa, also produced by eosinophils, upregulate
adhesion molecule expression on both endothelial and tumor cells (6, 7). Increased expression of
adhesion molecules such as ICAM-1, V-CAM1 and E-Selectin (ELAM-1) on tumor cells is
correlated with increased invasiveness and metastasis (8, 9, 10).
Multicellular tumor spheroids are three-dimensional cell culture systems which have been shown
to model the growth characteristics of tumors as well as their metastatic potential(1 1, 12, 13). In
light of this, tumor spheroids have more recently been used as a model for examining tumor-
endothelial cell interactions in order to better understand the interactions of the tumor with its
microvascular environment.
We have utilized the tumor spheroid model system to study not only its interaction with
endothelial cells, but also examine the effector role of eosinophils in tumor:endothelial cell
interaction. We have shown that peripheral blood eosinophils from allergic and asthmatic
individuals can inhibit the growth of both breast and prostate tumor cells (14, 15). In this study
we attempted to examine the hypothesis that eosinophils infiltrate breast spheroids (14) release
of their contents into the tumor microenvironment and that these eosinophil mediators, to include
cytokines, can modulate spheroid adherence and invasion. In order to do this we attempted to set
up an eosinophil tumor spheroid:endothelial tri-cell complex (16).

Body

Collection of Conditioned Supernatants from Peripheral Blood Eosinophils from allergic
Individuals and from IL-5 treated Eosinophils Cell Lines. Peripheral blood eosinophils from
moderate to severely allergic individuals were incubated at 1 x 106/ml for 24hrs in RPMI
medium supplemented with penicillin/streptomycin (100 units/ml and 100ug/ml, respectively),
gentamycin (50 ug/ml) and 1% fetal bovine serum. The supernatants were collected after
centrifugation at 2,000 rpm for 30 min, aliquoted and stored at -80C. Eosinophil cell lines (1 x
106/ml) were pulsed with IL-5 (5ng/ml) then cultured for 24hrs; supernatants were collected and
stored at -80C.

Eosinophil Cell Line Conditioned Supernatants. The advantage this work has over that of
most studies with eosinophils is that we were able to utilize cell lines which have been
established in our laboratory. We utilized hypo- and hyperdense eosinophil cell lines:
GRC.014.22, GRC.014.24, sublines of GRC.014.24; BJA.060.22, BJA.060.24; SD.031.22 and
SD.031.24. All cell lines were pulsed with IL-5 (5ng/ml), then cultured for 24hrs, 48hrs and
72hrs. The conditioned supernatants were collected and stored at -80C.

Collection of Conditioned Supernatants from MRC Fibroblasts. MRC fibroblasts were
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seeded into T25 tissue culture flasks and allowed to grow to confluency (2-3 days), after which
the medium was collected and centrifuged at 2,000 rpm for 30min. Supernatants were collected,
aliquoted and stored at -80C.

Cytokine Gene Expression. Total RNA from eosinophil cell lines was extracted using
purescript RNA isolation kits from Gentra Systems. RNA integrity was assessed with agarose gel
electrophoresis and ethidium bromide staining. Extracted RNA was quantified by
spectrophotometry.

Real Time Assays
Relative quantitation of gene expression was conducted with the ABI Prism 7700 Sequence
Detection System using 96-well cytokine predeveloped assay kits from Applied Biosystems.
Briefly, ltg of total RNA was reverse-transcribed using Taqman Transcription Reagents
(Applied Biosystems). This is the first step of the two-step RT-PCR reaction. The second step is
a RT- PCR step using Taq Man Universal PCR Master Mix. Gene expression was quantitated
relative to the GAPDH housekeeping gene control. The threshold cycle or CT value was used in
this quantitation.

Generation of Multicellular Tumor Spheroids. Subconfluent monolayer cultures of MCF-7
and MDA-MB-231 nonmetastatic and metastatic tumor cells respectively, were maintained in
RPMI medium supplemented with penicillin/streptomycin and gentamycin, and 10% FBS
(complete medium) at 37C, 95% air, 5% CO 2. After trypsinization and cell count, the cells were
dispensed into T25 non-vented culture flasks (1 x 106 cells/flask with 10mls RPMI) and rocked in
a 37C incubator, agitating at 30 periods per minute for 24-48hr. The spheroids were then
transferred to 100 mg culture dishes containing an overlay of 0.5% noble agar in 10% RPMI
medium. The dishes then incubated at 37C in a 5% CO 2 atmosphere for 7 days with regular
feeding. This was our initial method of generating MCF-7 spheroids. With this method we were
able to generate approximately 200 spheroids per flask. Spheroids ranged in size from 200um to
1200um with an average size of 800um. In the past year we had to switch methods of generating
spheroids because of equipment problems. We used a modified method of Yuhas et al (17).
Briefly tumor cells were dispensed into 96-well plates containing an agar overlay (0.5% noble
agar) at 3x10 3 cells per well. The plates were incubated at 37C, 5% C0 2, 95% air for 24 to
48hrs. The spheroids were transferred similarly to 6-well cluster plates with an agar overlay.
The major differences in the spheroids formed by this method included size and clonal
development. Spheroids which developed from single cells, ranged in size from 100um to
400um, with the average size being 200um.

Eosinophil Cell Lines. Hypo and hyperdense eosinophil cell lines were maintained in RPMI
complete medium, subculturing every 2 to 3 days in T75 tissue culture flasks at 37C, 5% CO 2
95% air atmospheric conditions.

Endothelial Cells. Two endothelial cell lines, human umbilical vein endothelial cells HUV-EC-
C and Human abdominal aorta endothelial cells (HAEE-1) were maintained in RPMI complete
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and F-12K complete medium, respectively. Both media were supplemented with endothelial cell
growth supplement (ECGS). For experimental purposes either HUV-EC-Cs or HAEE cells were
seeded into 6-well cluster plates at 3 x 105 cells/well and incubated overnight at 37C, 5% C0 2,
95% air. Some experiments were set up using 8 chamber tissue culture slides. In this case, HUV-
EC-Cs were seeded at 0.5 x 105 cells per chamber

Eosinophil:MTS:Endothelial Tri-Cell Complex. MDA-MB-231 tumor cells and HC-202
tumor cells failed to form spheroids. 7-day old MCF-7 MTS were cultured overnight with
medium alone, hypodense eosinophils pretreated with IL-5 at 5ng/ml or with IL-5 present in the
culture medium. MTS with associated eosinophils were then added to the endothelial monolayers
and further cultured for 1, 4 and 16-24hrs.

Each treatment was set up in duplicate wells. The medium was removed, the wells/chambers
washed with PBS then stained with May Grunwald Giemsa. For the 4hr and 16-24hr cultures,
one well of each duplicate was stained with FITC -labelled anti-eosinophil peroxidase antibody.
The slides and culture wells were examined microscopically and documented by
photomicrographs. Eosinophils and MCF-7 cells (suspension) were cultured with HUV-EC-C
monolayers for 24hrs and the complexes were stained with triple stains (FITC- Eosinophils,
Texas Red- HUV-EC-Cs and DAPI- MCF-7).

We experienced tremendous difficulty with the triple fluorescence stains in that the integrity of
the secondary antibody appeared to be lost i.e. eosinophils which were stained for FITC were
staining blue for DAPI and vice versa. This made interpretation difficult. We then used the vital
stain PKH26 and pre-stained eosinophils before co-culturing with the MCF-7 MTS. PKH26-
stained eosinophils were co-cultured with 7-day old MCF-7MTS for 3 and 24hr, after which
results were collected by photo documentation of video graphs.

MRC-5 supernatants were negative for IL-1, IL-4, IL-5, TNFa, IL-10 and IL-12 and were not
used in the study.

Invasion Assay. BD BioCoat Matrigel invasion chambers were used to evaluate the influence of
eosinophils on tumor cell invasion. Because the metastatic cell line, MDA-MB-231 failed to
form spheroids, we utilized single cell combinations of eosinophils and tumor cells. The
Matrigel Invasion Chamber consists of a 24-well tissue culture plate with cell culture inserts
containing 8 micron pore size PET membranes with a thin layer of matrigel basement membrane
matrix. The method used was that described by the manufacturer. Briefly, cultured cells were
prepared at 5x 104 cells/ml. A chemoattractant (in our case RPMI containing 10% fetal bovine
serum) waas added to the wells of the plate (wells minus the membrane inserts). The cells (0.5
ml) were added to the chamber containing the membrane/matrigel and this was then placed into
the well containing the chemoattractant. The plates were incubated for 22 hr in a humidified
incubator at 37C, 5% C02 atmosphere. After incubation, the noninvading cells were removed
from the upper surface of the membrane by gently scrubbing with a cotton-tipped swab (2X).
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The cells on the lower surface (invaded cells) were fixed and stained. In the experiments
described here, the membranes were gently cut with a scapel and gently teased away with
tweezers and placed botton side down on a slide. Phase-contrast photomicrographs were
obtained. In the case of complexing 2 or more cell types, first a lawn of cell #1 (endothelial or
tumor) was allowed to form, then cells #2 and #3 were added (if 2 cells, first one then the other).
Flow Cytometry. The effect of cytokines on cell adhesion molecules on MCF-7 and MDA-MB-
231 tumor cells was determined by flow cytometry. Subconfluent (50-70%) T75 flasks of MCF-7
and MDA-MB-231 tumor cells were cultured for 24 hr in medium containing IL-1 (5ng/ml), IL-
4 (10ng/ml) or combination of the two, after which the cells were harvested, counted and
prepared for flow cytometry analysis. ICAM-1 expression was detected by a.direct
immunofluorescence staining. Briefly, the cells were adjusted to 2x1 07 cells/ml, 50 ul of which
was mixed with 50 ul of PE-labelled anti-CD54 antibody. The mixture was then incubated on
ice for 30-45 minutes. The cells were then washed and resuspended in 0.5 ml cold phosphate
buffered saline and maintained on ice until analyzed. Prior to analysis the cells were fixed with
paraformaldehyde. VCAM-1 and ELAM-1 surface molecules were assessed by b.indirect
immunofluorescence staining. As previously described, cytokine-treated cells were harvested
and counted, adjusting counts to 2x1 07 cells/ml. Primary antibody (anti-VCAM-1 or anti-
ELAM-1) was incubated with the tumor cells on ice for 30 -45 min. The cells were then washed
then incubated with fluorescent-labelled secondary antibody. The cells were then prepared as
described above for flow cytomentry analysis.

Figure 1. Cytospin Preparations of Eosinophil Cell Line. Eosinophil cell-lines stained with
hematoxylin and eosin (A) giemsa maygrunwald (B) and luxol fast blue (C). Vacuoles and
granules can be readily seen.

Figure 2. Eosinophil 24hr Supernatants. Of the six donors tested, only donors 5 and 6 (both
hypo-and hyperdense eosinophils) contained supernatants that were positive for IL-4.
Conditioned supernatants from hypodense eosinophils from donors 1, 2 and 4 were positive for
IL-5 while hyperdense eosinophils from only donors 1 and 4 were positive. Neither of the six
donor eosinophils produced IL-12.

Figure 3. Eosinophil cell lines produce IL-5 L 24hr supernatants from hypodense eosinophil
cell line BJA.060 contained comparable amounts of IL-5 as did the peripheral blood eosinophils,
Ž200pg/ml while 72hr conditioned supernatants from hyerdense eosinophils produced 50% less
IL-5.

Figure 4. Presence of IL-5 in cultured supernatants of eosinophil cell lines II. Cultured
supernatants from the allergy/asthma positive, breast cancer positive hypo- and hyperdense
eosinophil cell line cultured supernatants were more potent for IL-5, producing >200pg/ml IL-5
at 24hr, 48hr and 72hr (hypodense) and 24hr and 72hr (hyperdense).

Figure 5. Eosinophil sublines produce IL-5 III. The CCR3+ (eotaxin receptor positive) subline,
GRC.014.24S1 was the most effective of the three lines in producing IL-5 in comparable
amounts to that of the peripheral blood eosinophils, !300pg/ml. When this line was sorted for
the VLA-4 marker, (GRC.014.24S1.CD49D) the amount of IL-5 dropped precipitously to that
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of the parent line (24hr and 48hr).

Figure 6. Baseline cytokine gene expression in eosinophil cell lines I. Both cell lines,
GRC.014.22 (A) and GRC.014.24 (B) cell lines expressed the array of cytokines shown, at
varying levels. The hypodense cell line (A) expressed slightly higher levels than the hyperdense
cell line (B).

Figure 7. Baseline cytokine gene expression in eosinophil cell lines II. Similar results were
observed for cell lines BJA.060.22 (A) and BJA.060.24 (B) as was observed in figure 6, i.e., the
hypodense cell line BJA.060.22 (A) produced slightly higher amounts of IL-5 thatn the
hyperdense line, BJA.060.24 (B).

Figure 8. MCF-7 Multicellular Tumor Spheroids. MCF-7 multicellular tumor spheroids after
three (A, C) and 7 (B, D) days in culture at 37C on 0.5% noble agar containing RPMI complete
medium.

Figure 9. Effect of Interleukin-5 on MCF-7 spheroid growth. IL-5 altered the growth of the
MCF-7 spheroid in a dose-dependent fashion. The integrity of the spheroid was compromised
with the lowest concentration of 0.5ng/ml (B) and necrosis at the core was observed with 5 and
lOng/ml. (E and F, respectively)

Figure 10. Effect of Interleukin-4 on MCF-7 multicellular tumor spheroid growth. IL-4
similarly altered the growth and integrity of the MCF-7 spheroid. In figure 1OB the spheroids
attached and began to spread. Necrosis at the core was observed with concentrations as low as
1 ng/ml.

Figure 11. MCF-7 Multicellular Tumor Spheroids Bind to HUV-EC-C Monolayer. MCF-7
multicellular tumor spheroids cultured on human umbilical vein endothelial cell (HUV-EC-C)
monolayer after lhr (A) 24hr (B) and 48hr (C) culture. Some spheroids developed necrotic cores
overtime (B). As the spheroid binds tightly to the HUV-EC-Cs, cells began to grow out from the
spheroid forming a monolayer over the HUV-EC-Cs (B, C) often destroying them overtime.

Figure 12. Eosinophil:MCF-7 MITS Co-culture on HUV-EC-C Monolayers. Eosinophils were
first cultured with MCF-7 multicellular tumor spheroids for 24hrs then cultured on a lawn of
HUV-EC-C cells. The solid arrows point to esoinophils bound tightly to the spheroids (A, B) as
well as unbound eosinophil clusters (C). In figure 12C, the eosinophils completely surround the
spheroid. Figure 12D shows high power resolution of a MCF-7 MTS with bound eosinophils
attached to HUV-EC-C cells. The hatched arrow points to an endothelial cell.

Figure 13. Histological Examination of Eosinophil:MCF-7 MTS on HUV-EC-C Monolayer (lhr
co-culture). Eosinophils were cultured with MCF-7 MTS for 24hrs, then placed on a lawn of
HUV-EC-Cs for 1 hr in a Falcon 8-chamber tissue culture slide. The slide was then washed with
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PBS, fixed with methanol, then stained with giemsa maygrunwald for the presence of
eosinophils. Figure 13A shows a spheroid attached to HUV-EC-Cs. 24hr co-culture of
eosinophils with MCF-7 spheroids resulted in the eosinophils binding and infiltrating the
spheroid. In 13B the arrow is pointing to an attached eosinophil which can more readily be seen
at 10OX in 13C. Figure 13D is from a duplicate well and the arrow is pointing to eosinophil
granules which are easily seen at the higher power (13E). Eosinophil granules are seen
throughout the spheroids in 13C and 13D.

Figure 14. Histological Examination of 24hr IL-5 Treated Eosinophil:MCF-7 MTS on HUV-
EC-C Monolayer (]hr co-culture). Eosinophil:MTS cultures were treated with interleukin-5 (IL-
5) at 5ng/ml (24hr), then cultured on HUV-EC-Cs for lhr. As was the case with the non-IL-5
treated Eosinophil:MTS co-cultures, eosinophils can be seen attached to both the spheroids and
the HUV-EC-C.

Figure 15. Histological Examination of MCF-7 MTS and 24hr IL-5 Treated Eosinophils on
HUV-EC-C Monolayer (lhr co-culture). When eosinophils were first incubated with IL-5 (24hr),
then cultured with MTS and HUV-EC-Cs for lhr, the eosinophils were more activated and
bound more readily to the HUV-EC-Cs, preventing the tumor spheroid from binding.

Figure 16. Histological Examination of Eosinophil:MCF-7 MTS on HUV-EC-C Monolayer
(24hr co-culture). MCF-7 spheroids post 24hr culture with eosinophils began to spread out along
the HUV-EC-C monolayer (fig. 16A). The presence of eosinophils on and within the spheroid
does not affect the spreading of the tumor cells, however the eosinophils remain bound to the
tumor cells as they spread out (fig 16B, 16C, 16D). Eosinophils can be seen at the arrow heads
and more clearly at 40X (fig. 16E) and 1OOX (fig. 16F) magnification, respectively. The hatched
arrow is pointing to a tumor cell that has moved out from the spheroid with eosinophils attached
(1 6E). 24hr cultures reveal more movement of tumor cells out from the spheroid and attachment
of eosinophils (16B, 16C). Figure 16D and 16E are magnifications of 16B and 16C showing
tremendous eosinophilic presence (arrows).

Figure 17. Histological Examination of 24hr IL-5 Treated Eosinophil:MCF-7 MTS on HUV-
EC-C Monolayer (24hr co-culture). As was the case with the lhr cultures, eosinophil-infiltrated
MCF-spheroids were pretreated with IL-5 (5ng/ml) then seeded onto HUV-EC-C monolayers
which were further cultured for an additional 24hrs. Prior to co-culture, eosinophils were
pretreated with IL-5 as described previously.

Figure 18. Histological Examination of MCF-7 MTS and 24hr IL-5 Treated Eosinophils on
HUV-EC-C Monolayer (24hr co-culture). These data again show massive involvement of
eosinophils with MCF-7 tumor spheroids and also with endothelial cells. IL-5 pretreatment of
eosinophils induced greater activation of the eosinophils than the other two treatments (IL-5
treated eosinophils spheroids; IL-5 present in the culture medium with eosinophils and
spheroids).

Figure 19. Photomicrograph of Stained Section of Eosinophil.'MCF-7 MTS (19A) and Electron

Micrograph of Fine Section of Eosinophil:MCF- 7 MTS (19B). Eosinophil-infiltrated spheroid
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was sectioned and stained with hematoxylin and eosin (fig. 19A). The core of the spheroid
contained many esoinophils which can be seen throughout the sectioned spheroid. Moreover
transmission electron micrograph of a thin section of the spheroid was also prepared and again
granulated esoinophils can readily be seen throughout the section (arrows, figure 19B).

Figure 20. Photomicrograph of fluorescent staining of eosinophils, HUV-EC-Cs and MCF-7
cells. Cells were stained individually with fluorescent dyes FITC, Texas Red and DAPI,
respectively. The marker antigens used were Major Basic Protein (Eosinophils), von Willibrand
Factor (HUV-EC-C) and Epithelial Cell Antigen (MCF-7).

Figure 21. Photomicrograph of dual cell complexes of eosinophil:HUV-EC-C, MCF-7:HUV-
EC-C. In figure 21A the arrow points to an eosinophil binding to HUV-EC-C cells and in figure
21B MCF-7 tumor cells binding to HUV-EC-C.

Figure 22. Triple staining of eosinophil:MCF-7:HUVEC tri-cell complex. MCF-7 tumor cells
(lx l03) were added to HUV-EC-C monolayers and incubated at 37C after which hypodense
eosinophils were added at 100:1 Eosinophils to tumor ratio. The plates were further incubated for
24hrs. The cultures were then stained with triple stain FITC, DAPI and Texas Red. The solid
arrow points to an eosinophil and the hatched arrow points to a tumor cell, while the red cells are
HUV-EC-Cs.

Figure 23. Photomicrographs of PKH26-Stained Eosinophils Co-Cultured with MCF-7 MTS.
7-day old MCF-7 MTS were cultured with hypodense eosinophils at 100:1 E.T ratio (200um
MTS contains approximately lxl05 cells) for 3 and 24hrs at 37C. The eosinophils had been
prestained with the fluorescent vital stain PKH26. Figures A and C are phase contrast
photomicrographs of eosinophils binding to or bound to the spheroid and in C the spheroid
appears to be disintegrating. In figures B and D, respectively, eosinophils can be seen bound
(3hrs) and completely infiltrating the spheroid (24hr) which has lost its integrity.

Figure 24. Invasion of HUV-EC-C, MCF-7 and MDA-MB-231 tumor cells in the absence of
chemoattractant. Little to no tumor cells were found in the absence of chemoattractant.

Figure 25. Invasion of tumor cells in the presence of eosinophils. Within 24hr, both HUVEC
cells and >90% of the eosinophils were found on the under surface of the membrane, while very
few of the MCF-7 tumor cells had invaded the matrix, but >50% of the eosinophils were found
on the underside of the matrix membrane complex. In figure 25C, >50% of the MDA-MB-231
tumor cells, but <50% of the eosinophils had invaded the matrix.

Figure 26. Invasion of tumor cells from eosinophil:tumor:HUVEC tricell complex. Unlike in
figure 25C, far fewer MDA-MB-231 tumor cells were found invading the matrix. Also there
were far fewer eosinophils present.
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Figure 27. The effect of IL-1 and 11-4 on ICAM-1 expression on MCF-7 tumor cells. MCF-7
tumor cells were negative for ICAM-1 (A). Both IL-I and IL-4 induced ICAM-1 expression (B
and C, respectively), IL-4 greater than IL-1. The combination treatment of IL-1 and IL-4
induced ICAM- 1 expression over that of either cytokine alone (D).

Figure 28. The effect ofIL-1 and IL-4 on VCAM-1 expression on MCF-7 tumor cells. VCAM-1
was present on MCF-7 tumor cells. Treatment with IL-I and IL-4, alone and in combination had
no effect on its expression.

Figure 29. The effect of IL-1 and IL-4 on ICAM-1 expression on MDA-MB-231 tumor cells.
High levels of ICAM-1 were expressed on the surface of the metastatic tumor cell line, MDA-
MB-231. Neither IL-1 nor IL-4 was able to further increase expression. However, the IL-i/IL-
4 combination caused a slight decrease in expression.

Figure 30. The effect of IL-1 and IL-4 on VCAM-1 expression on MDA-MB-231 tumor cells.
VCAM-i was also presenet on MDA-MB-231 tumor cells. IL-1 and IL_4 had no effect (B and
D, respectively). When IL-1 and IL-4 were added simultaneously, there was a slight decrease in
expression (D) similarly to that seen with ICAM-l in figure 29 D.

Figure 31. The effect of IL-1 and IL-4 on ELAM-] expression on MDA-MB-231 tumor cells.
Moderate levels of ELAM- 1 were found on MDA-MB-23 1. No further expression was observed
post treatment with IL-1, IL-4 and the two cytokines together.

Key Research Accomplishments
Promotion to Associate Professor

Invited to be "Guest Editor" for Cellular and Molecular Biology

Invited to be Main Speaker at the 71h International Conference of Anti-cancer Research, Corfu,
Greece.

Invited to contribute an original or review article of a special issue of in vivo on "New Anti-

cancer Agents: In Vitro and In Vivo Evaluation".

Reportable Outcomes

Furbert-Harris PM, Laniyan I, Harris D, Dunston GM, Vaughn T, Abdelnaby A, Parish-Gause D,
Oredipe OA. Activated eosinophils infiltrate MCF-7 breast multicellular tumor spheroids. Anti-
cancer Res. 2003 Jan-Feb; 23(1A):71-8.

11



PM Furbert-Harris, D Parish-Gause, I Laniyan, J Kokomo-Awich, T Vaughn, KC Forrest, C
Howland, A Abdelnaby, OA Oredipe. Inhibition of prostate cancer cell growth by activated
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Oladipo A. Oredipe. Activated eosinophils uregulate the metastasis suppressor molecule e-
cadherin on prostate tumor cells. Cellular and Molecular Biology 2003. Nov; 49(7): 1009-1016.
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Discussion/Conclusion

We have hypothesized that activated eosinophils will bind to, infiltrate tumor spheroids, release
their granular contents and other products such as cytokines; that these products could either
modulate adhesion molecule expression on the tumor cells, thereby preventing binding to and
invasion of endothelium, or kill the spheroid from within. These studies thus far have
demonstrated that eosinophils can bind to and infiltrate tumor spheroids with and without IL-5
activation. IL-5 treated eosinophils, however, were activated as evidenced by large vacuoles
and more mature eosinophils, and also larger concentrations of release eosinophil peroxidase
throughout the spheroid and along the spreading growth. From these studies, it is evident that
the culture period of the tri-cell complex is insufficient to microscopically detect cellular
toxicity at the core. Future studies will extend the culture period from 24hrs to 48, 72 and
perhaps as long as 1 week. Failure of both metastatic tumor cell line MDA-MB-231 and HC-
202 to form spheroids has slowed the studies somewhat. We did, however examine invasion of
MDA-MB-231 as single cell combinations and observed that eosinophil presence inhibited their
invasion. With regards to fluorescent staining of the tri-complex of cells and the apparent loss
of integrity of the antibodies used, a second explanation of the results is worthy of mentioning.
Mortensen et al (18) have have reported that human cancer cells are able to fuse endothelial
cells to form hybrid cells and that these cells can display proteins and chromosomal markers
characteristic of both parent cells. According to these investigators, fusions of human breast
cells and endothelial cells in vitro in co-cultures of human breast and endothelial cells and in
vivo in nude mice experiments. Hence, according to these investigators, there is a new type of
cancer-endothelial cell interaction which may be of fundamental significance to the process of
metastasis. It is therefore quite possible that we have stumbled onto the same phenomenon.
(Because of the need to revise this report and had the opportunity to be a reviewer on this
manuscript 1 year after our work was done, I thought it quite significant and to add to this
report).
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The MTS model has previously been used to examine interactions of tumor:endothelium. The
study of eosinophils in this tri-cell MTS:endothelium complex is the first of its kind attempting
to examine the role of eosinophils in cancer. Immunohisto-chemical analyses revealed granular
proteins in the tumor spheroid milieu. Moreover, cytokines such as IL-4 and other cytokines
such as TNFa have been reported to be preformed in the eosinophil granular cores. The studies
have shown that IL-4 in combination with IL-1 was able to decrease surface expression of
ICAM-1 and VCAM-1 molecules on the metastatic cell line MDA-MB-231. These adhesion
molecules play a role in tumor metastasis. It is clear from these and other previous studies in
our laboratory that eosinophils can actively inhibit tumor growth and possible metastasis, and
that the mechanism of this inhibition may involve cytokines which are often preformed in the
eosinophil and also other toxic eosinophil mediators. Additional studies need to be executed to
better define this mechanism (and in particular the role of isolated eosinophil proteins), in
cancer and cancer metastasis.
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Appendices

Figure 1. Cytospin Preparations of Eosinophil Cell Line Stained with (A) Hematoxylin and
Eosin (B) Giemsa Maygrunwald (C) Luxol Fast Blue

Figure 1. Legend

Figure 2. Eosinophil 24hr Supernates

Figure 2. Legend

Figure 3. Eosinophil Cell Lines Produce Interleukin-5 I.

Figure 3. Legend

Figure 4. Presence of Interleukin-5 in Cultured Supernatants of Eosinophil Cell Lines II.
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Figure 4. Legend

Figure 5. Eosinophil Cell Lines Produce Interleukin-5 III.

Figure 5. Legend

Figure 6. Baseline Cytokine Gene Expression in Eosinophil Cell Lines

Figure 6. Legend

Figure 7. Baseline Cytokine Gene Expression in Eosinophil Cell Lines II

Figure 7. Legend

Figure 8. MCF-7 Multicellular Tumor Spheroids

Figure 8. Legend

Figure 9. Effect of Interleukin-5 on MCF-7 Spheroid Growth

Figure 9. Legend

Figure 10. Effect of Interleukin-4 on MCF-7 Multicellular Tumor Spheroid Growth

Figure 10. Legend

Figure 11. MCF-7 Multicellular Tumor Spheroid Bound to HUVEC Monolayer

Figure 11. Legend

Figure 12. Eosinophil:MCF-7 MTS Cocultures on HUVEC Monolayer

Figure 12. Legend

Figure 13. Histological Examination of Eosinophil:MCF-7 MTS on HUVEC monolayer (lhr
coculture)

Figure 13. Legend

Figure 14. Histological Examination of 24hr IL-5-treated Eosinophil:MCF-7 MTS on HUVEC
Monolayer (lhr coculture)
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Figure 14. Legend

Figure 15. Histological Examination of MCF-7 MTS and 24hr IL-5-treated Eosinophils on
HUVEC Monolayer (lhr coculture)

Figure 15. Legend

Figure 16. Histological Examination of eosinophil:MCF-7 MTS on HUVEC Monolayer
(24hr coculture)

Figure 16. Legend

Figure 17. Histological Examination of 24hr IL-5-treated Eosinophil:MCF-7 MTS on
HUVEC Monolayer (24hr coculture)

Figure 17. Legend

Figure 18. Histological Examination of MCF-7 MTS and 24hr IL-5-treated Eosinopils on
HUVEC Monolayer (24hr coculture)

Figure 18. Legend

Figure 19. Photomicrograph of Stained Section of Eosinophil:MCF-7 MTS (A) and Electron

Micrograph of Fine Section of Eosinophil:MCF-7 MTS (B)

Figure 19. Legend

Figure 20. Photomicrograph of Fluorescent Staining of Eosinophils, HUVEC and MCF-7
Cells

Figure 20. Legend

Figure 21. Photomicrograph of Dual Staining of Combinations of eosinophils, HUVEC, and
MCF-7 Cells

Figure 21. Legend

Figure 22. Triple Staining of Eosinophil:MCF-7:HUVEC Tri-Cell Complex

Figure 22. Legend

Figure 23. Photomicrograph of PKH-26-Stained Eosinophil Co-cultured with MCF-7

Figure 23. Legend

17



Figure 24. Invasion of HUVEC, MCF-7 and MDA-MB-231 Cells in the Absence of
Chemoattractant

Figure 24. Legend

Figure 25. Invasion of eosinophil:huvec, eosinophil:tumor complexes

Figure 25. Legend

Figure 26. Eosinophils inhibit the invasion pattern of MDA-MB-231 tumor cells

Figure 26. Legend

Figure 27. The Effect of IL-1 and IL-4 on ICAM-1 Expression of MCF-7 Tumor Cells

Figure 27. Legend

Figure 28. The Effect of IL-1 and IL-4 on VCAM-1 Expression on MCF-7 Tumor cells

Figure 28. Legend

Figure 29. The Effect of IL-I and IL-4 on ICAM-1 Expression on MDA-MB-231 Tumor Cells

Figure 29. Legend

Figure 30. The Effect of IL-I and IL-4 on VCAM-1 Expression on MDA-MB-231 Tumor
Cells

Figure 30. Legend

Figure 31. The Effect of IL-I and IL-4 on ELAM-1 Expression on MDA-MB-231 Tumor
Cells

Figure 31. Legend
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Figure 1. Cytosphi Preparations of Eosinophil Cell Line stained with (A)
Heinatoxylin and Eosin (B) Gieinsa May-Grunwald (C) Luxol-Fast-
Blue

A B C

Figure 1. Cytospin Preparations of Eosinophil Cell Line. Eosinophil cell-lines stained
with hematoxylin and eosin (A) giemsa maygrunwald (B) and luxol fast blue (C)
vacuoles and granules can be readily seen.



Figure 2. Eosinophil 24 Hour Supernatants. Hypo- and hyperdense peripheral blood eosinophils from
several donors with levels of allergic hypersensitivity 24hr at 37C in a humidified air conditions.
Supernatants were harvested and tested by ELISA analysis for the presence of IL-4, IL-5 and IL-12.
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Figure 3. Eosinophil Cell Lines Produce IL-5 I. Hypo-dense and hyperdense esosinophil cell
lines were cultured for 24hr and 72hr at I X106 cell/ml. The supernatants were collected and
examined for the presence of IL-5.
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Figure 4. Presence of 11-5 in Cultured Supernatants of Eosinophil Cell Line II. Hypo- and
hyperdense eosinophil cell lines established from peripheral blood eosinophils from an individual
with severe allergic asthma and breast cancer, were cultured as described previously. IL-5
concentrations were determined by ELISA analysis.
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Figure 5
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Figure 5. Eosinophil Sublines Produce IL-5 III. Hyperdense eosinphil cell line GRC.04.24
sorted using anti-eotaxin receptor antibody. The CCR3 positive cells were collected and
put into culture, then frozen and reestablished in culture. This subline, GRC.014.24S1
was then sorted using VLA-4 (CD49D) as the marker. They were subcultured as
described for the previous subline. All three lines (parent and 2 sublines) were cultured
as described in the above figures for 24hr, 48hr and 72hr. The conditioned supernatants
were examined for IL-5 by ELISA.
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Figure 6. Baseline cytokine gene expression in eosinophil cell lines I. Total RNA from cell
lines GRC.014.22 (A) and GRC.014.24 (B) was extracted using RNA purescript kits
(Gentra Systems). The 2-step RT-PCR was performed, using 1 ug of RNA to first reverse
tranxcribe to cDNA, for analysis of basal levels of cytokines. Messenger RNA of cytokines
was estimated using the delta ct ratio of Cytokine/GAPDH (housekeeping gene).
Eosinophil cell lines produce an array of cytokines at various concentrations.as seen with
the plate of 12 in this assay. Concentrations of cytokine mRNA in the hypodense cell line
(A) were slightly higher than in the hyperdense cell line (B).
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Figure 7. Baseline cytokine gene expression in eosinophil cell lines I.Total RNA from cell
lines BJA.060.22 (A) and BJA.060.24 (B) was extracted as described in the previous figure
(figure 6) Similar results sere seen with theses cell lines as with the previous 2 cell lines.
Both sets of cell lines were developed from peripheral blood of moderately to severly
allergic individuals. Again the hypodense cell line (A) generally produece higher levels of
cytokine message than the hyperdense cell line (B).



Figure 8. MCF-7 Multicellular Tumor Spheroids. MCF-7 multicellular tumor spheroids after
three (A, C) and 7 (B, D) days in culture at 37C on 0.5% noble agar containing RPMI complete medium.
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Figure 9. Effect of Interleukin-5 on MCF-7 Spheroid Growth. 7-day MCF-7 multicellular tumor spheroids
spheroids were cultured in 10% RPMI complete medium (A) or with IL-5 at 0.5ng/ml (B), lng/ml ©),
2.5ng/ml (D), 5ng/ml (E) and lOng/ml (F). The changes in spheroid growth were captured microscopically.
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Figure 10. Effect of Interleukin-4 on MCF-7 Multicellular Tumor Spheroid Growth. 7-day
MCF-7 multicellular turmor spheroids were cultured with 10% RPMI complete medium
(A) and with IL-4 at 0.5ng/ml (B), lng/ml (C), 2.5ng/ml (D), 5ng/ml (E) and lOng/ml (F).
Growth of the spheroids were observed microscopically and photo documentation made.

Figure 10
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Figure 11. MCF-7 Multicellular Tumor Spheroid Binds to HUV-EC-C Monolayer. MCF-7
multicellular tumor spheroids cultured on human umbilical vein endothelial cell (HUV-
EC-C) monolayer after lhr (A) 24hr (B) and 48hr (C) culture. Some spheroids develop
necrotic cores overtime (B). As the spheroid binds tightly to the HUV-EC-Cs, cells begin
to grow out from the spheroid forming a monolayer over the HUV-EC-Cs (B, C) often
destroying them overtime

Figure 11.
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Figure 12.

Eosinophil:MCF-7 MTS Cocultures on HUVEC Monolayer



Figure 12. Eosinophil:MCF-7MTS Co-cultures on HUV-EC-C Monolayer. Eosinophils
were first cultured with MCF-7 multicellular tumor spheroids for 24hrs then cultured on
a lawn of HUV-EC-C cells. The solid arrows point to esoinophils bound tightly to the
spheroids (A, B) as well as unbound eosinophil clusters (C). In figure 12C, the eosinophils
completely surround the spheroid. Figure 12D shows high power resolution of an MCF-7
MTS with bound eosinophils attached to HUV-EC-C cells. The hatched arrow points to
an endothelial cell.



Figure 13. Histological Examination of Eosinophil:MCF-7 MTS on HUV-EC-C Monolayer (lhr co-culture).
Eosinophils were cultured with MCF-7 MTS for 24hrs, then placed on a lawn of HUV-EC-Cs for 1 hr in a
Falcon 8-chamber tissue culture slide. The slide was then washed with PBS, fixed with methanol, then stained
with giemsa maygrunwald stain for the presence of eosinophils. Figure 13A shows an spheroid attached to
HUV-EC-Cs. 24hr co-culture of eosinophils with MCF-7 spheroids resulted in the eosinophils binding

Figure 13 Histological Examination of Eosinophil:MCF-7 MTS on
HUVEC Monolayer (lhr Coculture)
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Figure 14. Histological Examination of 24hr IL-5 Treated Eosinophil:MCF-7 MTS on
HUV-EC-C Monolayer (I hr co-culture). Eosinophil:MTS cultures were treated with
interleukin-5 (IL-5) at 5ng/ml (24hr), then cultured on HUV-EC-Cs for 1 hr. As was the
case with the non-IL-5 treated Eosinophil:MTS co-cultures, eosinophils (larger numbers)
can be seen attached to both the spheroids and the HUV-EC-C.
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Figure 15. Histological examination of MCF-7 MTS and 24hr IL-5- treated eosinophils on
HUVEC monolayer (I hr coculture). Eosinophils were incubated with IL-5 (24hr), then cultured
with MTS and HUV-EC-C for 1 hr, the eosinophils were more activated and bound more readily
to the HUV-EC-Cs, preventing the tumor spheroid from binding.

Figure 15. Histological Examination of MCF-7 MTS and 24hr IL-5
treated Eosinophils on HUVEC Monolayer (lhr Coculture)



Figure 16. Histological Examination of Eosinophil:MCF-7 MTS on HUV-EC-C Monolayer
(24hr co-culture). MCF-7 spheroids post 24hr culture with HUV-EC-Cs begin to spread out along
the HUV-EC-C monolayer (fig. 16A). The presence of eosinophils on and within the spheroid does
not affect the spreading of the tumor cells, however the eosinophils remain bound to the tumor cells as
they spread out (fig. 16B, 16C, 16D). Eosinophils can be seen at the arrow heads and more clearly at
40X (fig. 16E) and IOOX (fig. 16F) magnification, respectively. The hatched arrow is pointing to a
tumor cell that has moved out from the spheroid with eosinophils attached (1 6E). 24hr cultures reveal
more movement of tumor cells out from the spheroid and attachment of eosinophils (1 6B, 16C).
Figure 16D and 16E are magnifications of 16B and 16C showing tremendous eosinophilic presence (arrows).

Figure 16. Histological Examination of Eosinophil:MCF-7 MTS on
HUVEC Monolayer (24hr Coculture)
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Figure 17. Histological Examination of 24hr IL-5 Treated Eosinophil:MCF-7 MTS on
HUV-EC-C Monolayer (24hr co-culture). As was the case with the lhr cultures, eosinophil-
infiltrated MCF-spheroids were pretreated with IL-5 (5ng/ml) then seeded onto HUV-EC-
C monolayers which were further cultured for an additional 24hrs. Prior to co-culture,
eosinophils were pretreated with IL-5 (5ng/ml) for 24hr.

Figure 17. Histological Examination of 24hr IL-5 treated
Eosinophil:MCF-7 MTS on HUVEC Monolayer (24hr Coculture)
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Figure 18. Histological Examination of MCF-7 MTS and 24hr IL-5 Treated Eosinophils on
HUV-EC-C Monolayer (24hr co-culture). These data again show massive involvement of
eosinophils with MCF-7 tumor spheroids and also with endothelial cells. IL-5
pretreatment of eosinophils induced greater activation of the eosinophils than the other
two treatments (IL-5 treated eosinophils spheroids; IL-5 present in the culture medium
with eosinophils and spheroids.
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Figure 19. Photomicrograph of Stained Section of Eosinophil:MCF-7 MTS (A) and Electron
Micrograph of Fine Section of Eosinophil:MCF-7 MTS (B). Eosinophil-infiltrated
spheroid was sectioned and stained with hematoxylin and eosin (fig 19A). The core of the
spheroid contained many esoinophils and can be seen throughout the sectioned spheroid.
Moreover transmission electron micrograph of a thin section of the spheroid was also
prepared and again granulated esoinophils can readily be seen throughout the section
(arrows, figure 19B).

Figure 19. A) Photomicrograph of stained section of Eosinophil:MCF-7
MTS. B) Electron micrograph of fine section of Eosinophil:MCF-7 MTS



Figure 20. Fluorescent staining of Eosinophils, HUV-EC-Cs and MCF-7. Cells were stained
individually with fluorescent dyes FITC, Texas Red and DAPI, respectively. The marker
antigens used were Major Basic Protein (Eosinophils) von Willibrand Factor (HUV-EC-
C) and Epithelial Cell Antigen (MCF-7).

Figure 20
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Figure 21. Dual staining of combinations of eosinophils, HUVEC, and MCF-7 cells. In 21 A
the arrow points to an eosinophil binding to HUV-EC-C cells and in 21 B MCF-7 binding
to HUV-EC-C.

Figure 21

Dual Staining of Combinations of Eosinoophils, HUVEC, and
MCF-7 Cells



Figure 22. Triple staining of eosinophil:MCF-7:HUVEC tri-cell complex. MCF-7 tumor
cells (lx103) were added to HUV-EC-C monolayers and incubated at 37C which
hypodense eosinophils were added at 100:1 Eosinophils to tumor ratio. The plates were
further incubated for 24hrs. The cultures were then stained with triple stain FITC, DAPI
and Texas Red. The solid arrow points to an eosinophil and the hatched arrow points to a
tumor cell, while the red cells are HUV-EC-Cs.

Figure 22
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Figure 23. Photomicrographs of PKH26-Stained Eosinophils Co-Cultured with MCF-7
MTS. 7-day old MCF-7 MTS were cultured with hypodense eosinophils at 100:1 E.T ratio
(200um MTS contains approximately lx105 cells) for 3 and 24hrs at 37C. The eosinophils
had been pertained with the fluorescent vital stain PKH126. Figures A and C are phase
contrast binding to or bound to the spheroid and in C the spheroid appears to be
disintegrating. In figures B and D eosinophils can be seen bound (3hrs) and completely
infiltrated the spheroid which had lost its integrity.

Figure 23
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Figure 24. Invasion of HUVEC, MCF-7 and MDA cells. HUVEC cells were seeded onto
the membrane of a transwell invasion chamber. The chamber was then incubated
overnight at 37C. Tumor cells, MCF-7 (nonmetastatic) and MDA-MB-231 (metastatic)
were added to the wells containing a lawn of endothelial cells. The chambers were
incubated for an additional 24 hr. At harvest, the upper surface of the membrane was
gently scraped using a cotton swab to remove all cells that did not invade the
membrane:matrix complex. The membrane was carefully removed, using scalpel and
forceps. Photomicrographs were taken of the underside of the membrane.

Figure 24.
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Figure 25
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Figure 25. Invasion of eosinophil:huvec, eosinophil:tumor complexes. HUVEC (A), MCF-
7 (B) and MDA-MB-231 (C) cells were seeded onto the membrane of a transwell invasion
system and incubated overnight. The next day 10% RPMI was placed in the lower
chamber of the transwell invasion and eosinophils were added to the upper chamber on
which a lawn of HUVEC endothelial cells or.tumor cells had grown. The transwell were
incubated overnight. Upon harvesting the membrane was first scraped using a culture
swab to remove any cells remaining and the under side was placed on a slide and captured
microscopically.



Figure 26. Eosinophils inhibit the invasion pattern ofMDA-MB-231 tumor cells.HUVEC
cells were seeded first onto the transwell membrane as previously described in figures 24
and 25. Secondly tumor cells, MCF-7 (A) and MDA-MB-231 (B) were added to the
monolayer. The invasion plate was incubated for 2hrs followed by the addition of
eosinophils. The dashed arrows point to the eosinophil clusters, the solid thin arrow
points to the tumor cell and the thick arrow points to a HUVEC cell.

Figure 26.
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Figure 27. The effect of IL-I and IL-4 on ICAM-1 expression on MCF-7 tumor cells.
ICAM-1 surface expression was determined pre- and post treatment with IL-1 (B) and IL-
4 (C) by flow cytometry, using direct or indirect staining methods. Baseline expression
can be seen in A and IL-1/IL-4 combination in D.
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Figure 28. The effect of IL-1 and IL-4 on VCAM-1 expression on MCF-7 tumor cells.
VCAM-1 expression was determined for pre- and post IL-I (B), IL-4 (C) and combination
of IL-1 and IL-4 (D) by flow cytometry as described previously.
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Figure 29. The effect of IL-1 and IL-4 on ICAM-l expression on MDA-MB-231 tumor
cells. ICAM-1 surface expression on MDA-MB-231 tumor cells was determined by flow
cytometry using direct or indirect staining methods.
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Figure 30. The effect of IL-I and IL-4 on VCAM-1 expression on MDA-MB-231 tumor
cells. VCAM-1 expression was determined by Flow cytometry analysis. VCAM-1 is
present on MDA-MB-23 1. IL-I and IL-4 had no effect (B), however combination of IL-I and
IL-4 caused a slight decrease in surface expression (D).
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Figure 31. The effect of Il-1 and IL-4 on ELAM-1 expression on MDA-MB-231 tumor cells.
ELAM-l expression was determined by flow cytometry analysis. MDA-MB-231 tumor
cells were positive for ELAM- 1. Neither IL-1, IL-4, alone or in combination affected its
expression.
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Activated Eosinophils Infiltrate MCF-7 Breast Multicellular Tumor
Spheroids
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Abstract. Background: Previous studies in our laboratory Eosinophils play a significant role in allergic and asthmatic
have shown that activated eosinophils and eosinophilic cell inflammatory responses (1-5). Moreover, they are the
lines inhibit the in vitro growth of MCF-7 breast tumor cells, primary effector cells in anti-helminthic infections (2, 3, 6,
We have also shown that IL-4 and IL-5 partially inhibit MCF- 7), and are also prominent in other disease conditions such
7 growth in vitro. In this study MCF-7 multicellular tumor as cutaneous hypersensitive disorders (8) and inflammatory
spheroids (MTS) were developed to study the effect of bowel disease (9). Eosinophils have also been found in
eosinophils and IL-4 on tumor growth. Materials and tumor cellular infiltrates and in peripheral blood,
Methods: Hypo- and hyperdense metrizamide density gradient particularly post immunotherapeutic regimens (10-12).
fractions of eosinophils from peripheral blood of individuals However, while their precise role in cancer remains
with mild to moderate esoinophilia were co-cultured with 2- equivocal, they do produce and release numerous mediators
day-old MCF-7 MTS in medium containing bacto agar overlay and cytotoxic molecules, such as major basic proteip (MBP)
at 37"C. Results: Light microscopic analyses revealed the and eosinophil peroxidase (EPO) which have direct toxic
attachment of eosinophil effector cells to the spheroid borders, activity on tumor cells (13-15) and others (Leukotrienes,
Moreover, the culture media was greater than 90% devoid of EPO) which indirectly enhance the production of toxic
effector cells. At six days post co-culture, very large spheroids cytokines (16, 17). Eosinophils themselves produce an array
were observed in both test and control dishes; however the of cytokines, some of which regulate their growth and
necrotic cores in the co-cultures were more intense and larger differentiation in an autocrine fashion (e.g., IL-3, IL-5,
than in the control. When MCF-7 tumor cells (1 x 10') were GM-CSF) (18, 19) and others (e.g., IL-4, TNFa, IL-12)
pretreated with IL-4 at 0.5 nglml, there was a dramatic which may exert direct tumor growth inhibition as well as
decrease in the number of spheroids formed. Conclusion: immunomodulatory activities (20-22).
These data strongly indicate that cytokines like IL-4 and The prognostic significance of eosinophils at tumor sites

perhaps other eosinophil mediators are capable of killing and is still somewhat controversial. Some studies show positive
inhibiting tumor growth; they suggest that tumor infiltrating correlation with good prognosis (10, 11, 23-25), while others
eosinophils can degranulate and release toxic inhibitory indicate a harmful role in the pathophysiology of cancer or
factors into the tumor milieu which destroy the surrounding no association at all (26-29). There have been few studies
tumor. These observations, along with the use of the on the biological activity of eosinophil anti-cancer activity
eosinophil: MTS tumor model provide a unique model system in vitro. Kudo et. al. showed that the eosinophil granular
for in depth studies of the role of eosinophils and the cytokines protein, MBP, was toxic to the erythroleukemic cell line,
they produce in breast cancer and may offer potential K562 (13), while Maeda's group demonstrated cytostasis
therapeutic implications, with ECP on several human cell lines, including the breast

lines MDA-MB-453 and T47D (30). In this study, we have
utilized multicellular tumor spheroids (31, 32) to investigate
the intimate in vivo interaction of eosinophils with tumor
and the resultant impact on growth.

Con'espondence to: Dr. Paulette Furbent-Harris, Howard Materials ana Methods
University Cancer Center, 2041 Georgia Ave., NW, #530,
Washington, DC 20060, USA. Tel: 202-806-5651, Fax: 202-667- Eosinophits. Peripheral blood leukocytes (PBLs) from cosinophilic
1686. allergic and asthmatic individuals were fractionated on a metrizamide

density gradient (33). Hypodense (metrizamide fraction 22) and
Key Words: Eosinophils, mutticellular tumor spheroids, breast hyperdense (metrizanmide fraction 24) eosinophilic fractions were
cancer, cytokines. collected, washed and counted.
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Eosinophil Inhibition of MCF-7 Growth

V11

at th E:Tatloo lO:

Figurae r 1 MCo -7 tu mr elass y M Cere seeded a, S ~ ells andb allowedtom grow, to onfluenye wih mdes r ia lon e (A)e r i e presaed n ce a of am o e e snolay r g ow t

West Virgiaia and maintained in Eagle Minimum Essential Medium inhibition was quantified by Integrated Density Value (IDV)

with 2 mM L-glutamine and Earle's BSS adjusted to contain 1.5 g/L measurement, using the Chemi-Imager 4000 (Alpha Innotech Carp., San

sodium bicarbonate, 0.1 rmM non-essentiol amino acids and 1.0 mM Leanddro, CA, USA). Briefly, the well area was selected and saved as

sndium pyruvate and suppleineated with 0.0t mg/mI bosine iasulin, 90%; the spot overlay. This spot overlay was used oa each well of a plate in

fetal bovine aerusm, 111%; tem perature, 37"C) were seeded into the wells order ta standardize the area of all wells. As wells were selected, their

of either a 6-well plate (5n x 1 cells per well) or a 12-well plate (at 1.5 a IDV was automatically calcelated. The tDV is the sum of all pinel values

1lls cells per well). The plates were incubated overnight (16.24 hours) at after background correction. Auto backgroued correction uses the

37"C, 5% CO2 incubator. Eosinophils were added at various effector to Alpha Ease program which determines the average of the 10 lowest pixel

target (E:T) ratios and the plates were incubated for aa additional 48-72 valures in each individual well and assiges that value as background.

hours (when the control wells reached canfluency). Cytokines were also However, if no background is selected the background value is eeported

added at various eoncentratioas and the plates incubated for l2hours. at zero. Because the averoge (AVG) is equal to IDV divided by the

The eflector cells 'and supernatants were removed at the end of the overlay valor (which is constant), we used AVG as a comparative figure.

incubation period, the monolayers were washed three times with PBS We then compared the IDV of the control with that of the test samples.

aed the wells stained with hematosylin and easin. Photomicrographs of The percent inhibition was calculated as follows:
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Interleukin-4 and Interleukin-5 Inhibit MCF-7 Tumor Cell Growth

Figure 2. Subcanfiunest ACfff7 cells in 6-ioel tissue cuisine plate s were cidnured for 4 it) 3 aiy in miedia alone (.4): rindia + IL-4 (B).

% tiihihition = average lDV (Control). - DV (test) x 100 Eoslnophil Cell Lines Inhibit MCF-7
average tt)V (Control) Cell Growth

100-

M'IS productlion. MCF-7 multicellular tumor spheroids were developed
by slightly modifying the method Of Yuhas et al. (31). Briefly. 75-
ribconftueni usonolayer cultures, maintained (at 37T, 1100% relative 0
humvidity, 95% sir, 5% GO) in 10% RPMI complete mediumn were used ;P 50
toi prepare 1MT. After trypsinizatiiin and cell count, the cetls were -

dispensed. into Tj 5 non-vriilcd flasks (I x 106 cetls/flask). pulsed with C
CO2, then capped and placed at 37*C in a rocking incubator and 25-
agitated at 301 periods per minute for 24-48hours. The sphieroids weie
then transferred to 100J-mm Petri dishes containing ai overtayer of 0.5% 0
noble agar in 10% RP'IN4 medium. The dishes were then incubated at
37'C in n 5;( CO2 atnmosphere for 7-14 days with regular feeding to __________________________

study the growth characteristics of the MTrS. Diameter measurementa -25 1:1 2:1 5:1
were made with an ocular micrometer on an inverted phase contrast
microscope. At 48 bra, spheroid dianmeters rantged in size from 250-800 E:T Ratio
tim. r -- GRC.014.22S

Eaihiopinalss: AMTS cocubhure rovety. Five-10-day Easinophil : MCF-7 1 GRC.014.24S
MTS coculture assays were performed in 6-well tissue culture plates M GRC.014.24S -CD16
containing 0.5% bacto agar overlays. Five sphecroids were placed in
each well antl cosinophils were added at effector to tumor (E:T)
ratios of 10:1, 1001:1 and 1,000: 1. At the end of the culture period the
M FS were collected and fixd with 3% glutaraldehyde for TEM Figure 3. rosinaphlsf cell haires were cultured withi MCF- 7 rmior cells for
analyses and in Karnovsky's fixative (4% deputyinerized 48-72/ioias. VaishW E:7'ratios 1/ie sonolayees wsere sean/ted three lilies
paraformaldeliyde, 2% glutaraldeliydc in 0,12M PBS, pH 7.4) for wvith PBS0 and staisied wit/i It & K. Densisit determinations acre nmarde anid
SENI analyses. 1wcet('niinhibition esfalacul an irdescribed in Afateriala and Afethirsss.
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Interleukin-4 and Interleukin-5 Inhibit MCF-7 Tumor Cell Growth

Figure 2. Subcorrflrent AICF-7 cells in 6-well lissue curlture plates ivere cultured for 4 to5 da~ays in tedia alone (A); :rudia + 11- 4(B).

% Inhibition =average IDV (Control) - DV (test) x 1010 Easinaphil Cell Lines Inhibit MCF-7
average lDV (Control) Cell Growth

100-
AfiTS production. NICF.7 mnulticellular tumnor sphreroids were developed
by slighrtly nmodifying Ithe method of Yuhas er at. (31). Btrietly, 75-
aabeontltrerrt monolayer cultures, maintained (att 37T, 100% relative Co1
hunrietit. 95%r air, 511 C0)2) in 10% RPMI complete medium were used 50
to prepare MTS. After trypsinization and cell count. the cells were :
dispctrsd into Tjs non~ventcd flasks; (I x 10" ccttlltask), pulsedt with C
C02, then cappedt and placed nt 37'C in a rocking incubator ande 25-

rgttdat 30 periods per minute for 24-48hours. The spheroids were
then transferred to tOO-mm Petri dishes containing an overtayer of 0.5%
noble agar in 101% RPM[ medium. Ilire dishes were thcn incubated at
31'C in a 55, COi atmosphere foe 71t4 days with regular feeding to -2
atudy thre growth characteristics of the MIS. Diameter measurements -2 1 2:1 5:1
were made with an ocular micrometer on an inverted Pha8Se Contrast
microscope. At 411 fir', spheroid diamreters ranged in sice from 250-800t E:T Ratio
Jim. EJ IGRC.014.22S

rovinopltil.v:- AITS cocuta~re eoser~. Five-tO-day Eosinophit : MsCF-7 U GRC.0i4.24S
MIS cocuirare assays were performed in -wtistisue culture ptatesa GRC.014.24S -CD15
contaitting 0.5% bacto agar overlays. Five spheroids were placed in
each well andI cosinophils were added at effector to tumuor (E:T)
ratios of 10:1, 1111:1 ttnd 1,000:1. At the end of the curltutre period the
MITS were coltected aind fixed with 3% gtutaratdehyde for TEM Figurre 3. Eosfirroplrils cell lines nere citltrrrd witht AIUF-7 eronor cells for
analyses tand itt Karnovskyns fixative (4% depotymerized 48-72irour. Vlaryirg E-T mraios tire tnrotroiyen' were truvied /tree hirrtes
patraforuralttehyde. 2% glataraldetryde in 0.12Ms PBS. pH1 7.4) for ttitldt PBS antd satrinte e/d nih1 & E~. Densisy deteorrinrraio&v nere, onade artd
SENI analyses. lercerrr Inhlibitionr calculated as described int Marerials artd Afelohrfv.
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Photomicrograb of Stained Section of MTS

Figure 5. 'ranist'erae sectio Of AICF-7-AITS that has Mwr rrrfilicrted IT' errrirrophils. Me light eare mesresrrri the i-ote (seen rin Figure 3 rs trhe dai-rkened
necrntic -riow), Emiophilsojrir r~.r'ese along lthe srectiont arid in lthe coire. 7ie bared aireas were mragirifie arnd cant Ix seen ur Figur S

Photomnicrograb of Stained Section of MTS

Figurc 6. A) is a nragntification of the iramim'e sectiorn and B) is a nmagnifricationt oft/re interface of the carie arid tire terantsvers sectionr. Oruririrried rrrrr
hrighly rsretofrried errtirrtoplls cair he erarily seen.
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Electromicrograph of Eosinophil Infiltration of MCF-7 MTS

Figurc 7. Ultrasructure ofIiqpodese ecosinmphil in MCF.7.MTS, 39Khnagnifiranion. Grannies and vacuoles can & seen,

coculture of MTS with hypo-and hyperdense eosinophils (B). spheroid. We then selected two areas, one within the
In C and D, bound cosinophils can be seen at the borders of transverse region (large arrow) and one at the edge of the
the spheroids. The core of the MTS cocultured with core and the transverse region (small arrow) to further
hypodense eosinophils was much larger and more necrotic magnify. This can be seen in Figure 6. Highly granulated
than with the hyperdense cisonophils. eosinophils can be seen in the interspaces of tumor cells

(6A arrows). Large vacuoles can be seen in some of the
Transverse section of MTS cultured with hyperdense cosinophils (6B arrow). Transmission electron microscopic
eosinophils. Post coculture with cosinophils, glutaraldehyde analysis (Figure 7) confirmed the observations seen with
fixed spheroids were stained with hematoxylin and eosin. the light microscope, i.e., the association of vacuolated
Figure 5 is a photomicrograph of one MTS section. The eosinophils (thin arrow) with the tumor cells and highly
light central area is the core and is filled with large numbers dense granules both within the eosinophils cytoplasm (thick
of cosinophils and cosinophils can be seen throughout the arrow) and released into the core (short arrow).
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Abstract - Cell adherion molecules (CAMs) play an important role in cancer meitastasis by facilitating attachment to vascular
endothelia, invasion and spread into secondary tissue aites. We have ahown that activated eosinophils (EosA) inhibited the growth of
prostate cancer (Pma) cells in vi".o In the present study, we exminted the ability of EosA 24 hr conditioned supernatants (EosAcs) to
modulate the expression of ICAM-1, VCAM-t, ELAM-l, E-cadherin and N-cadherin expression on human Pea cell lines, Du-145
and PC-3 by flow cytometry. TNF-ot, IL-tO and IL-l2 were also evaluated- ICAM-1, expressed on PC-3 and DU 145 cells, was
enhanced by TNF-a and IL-b0. ELAM-l was present on DU 145 cels but absent on PC-3. Thy-a and IL-lO enhanced ELAM-l on
DU 145, but EosA24 hr supernatants failed to do so. All three cytokdnes, namely IL-tO, IL-12 and TNF-a-induced ELAM-I on PC-
3 tumor cells. Although VCAM-lI was absent on DU 145 and PC-3 cells, it was expressed on DU- 145 cells after exposure to EorA:
tumor cell co-cultures, and was expressed on PC-3 following exposure to ILI0 and IL-12. N-cadberin and E-adlrerin were bothr
expressed on DU-145. While N-cadhecrin was expressed on PC-3 cells, E-cadlserin was not. N-cadherin was enhanced on DUJ-145 and
PC-3 cells following exposure to EosA co-culture and upregulated on PC-3 by IL-tO and EosA 24 hir supernatants, but decreased by
U,-12. E-cadherin was up-regulated on DU 145 cells following co-culture with EosA and was induced on PC-3 by IL-I0 and IL-12,
but not by EusA co-culture and 24 hr aupemnatants. In conclusion, inflarmnatory and non-inflammatory cytokinet modulate CAM
expression on Pea cells; Eo&A sod EostA24 hr supemnatants also exerted modulatory activity of CAM expression. Most significantly,
the metastasis suppressor molecule, E-cadherin was enhanced on DU 145 cells by EosA and induced ort PC-3 by IL-10 and IL-12
both of which are produced by EosA. This suggests potential use of these cytokinee in immunothemapeutic etrategies forr prostate cancer
and its metastasis.
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Abbreviations: EosA: activated eosinophils; EosA-CS: IN RODUCTON
activated easinophil conditioned supernatant; CAM:
cell adhesion molecules; ICAM-1: intercellular Prostate cancer is the Most comreonly diagnosed
adhesion molecule-I; ELAM-I: extracellular adhesion cancer in American men. It is second to lung cancer as the
molecule-I; VCAM-I: vascular cell adhesion
molecule-I; Pea: prostate cancer; VLA-4; very late leading cause of male cancer deaths (2). The majority of
antigen-4; VLA-6: very late antigen-6; E-eadherin: prostate cancer deaths result from metastasis to
epithelial cell adhesion molecule; P-cadherin: surroundinsg tissues, blood and lymph circulation, and bone
placental cell adhesion molecule; N-cadherln: neural (15,16). While local cancer, which is confined to the
cell adhesion molecule; IL-10: interleukin-IC; 1L,12: prostate gland can be successfially hreated with surgery,
inlerleukin-12; MMP-2: matrix metslloproteinsse-2 h tecne rastruh h ofnso h ln
SCID: severe combined immunodeficiency; TIMP-I: whe h acrbeastruhtecnfnso h ln
tissue inhibitor of matrix metalloproteinasel; TNF-tt: to invade and metastasize, treatment options are little to
tumor necrosis factor alpha none (14,31,34,57). Metastasis is a process of many
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complex steps during which cells detach from the primary like lymphocytes, produce an array of cytokines, some of
tumor bind to the endothelium or extracellular matrix, and which: a) auto-regulate eosinophil growth, development
set up secondary foci at distant sites (1,21). and activation, b) modulate the immune response, c) exert

Like many other cells in the body, tumor cells express direct anti-cancer activity on the tumor (24,51,60), and d)
__surfaceadhesion mdolefnes-hicl-assistJrnc]hcelland modulate adbesion-moleu lexpression- e.yT have•

cell:extracellular matrix interactions. These adhesion also been found in many tumor infiltrates, however, their
molecules, which are involved in cell motility, invasion and role as anticancer effectors has not been clearly defined
metastasis, include: a) intercellular adhesion molecules (24,26,35). Although their presence has not been
(e.g. ICAM-1, ICAM-2, C-CAM, V-CAM), b) substrate documented in prostate cancer histopathological
adhesion integrins (e.g. LFA-1, VLA-4, VIA-6), and c) preparations, their granular proteins have and thus we can
calcium-dependent cadherins, of which there are many deduce the prior presence of eosinophils (20). We have
(17,29,48,50,59). E-cadherin is one of the principal recently shown that activated eosinophils inhibit prostate
members of the cadherin multigene family. It is a tumor cell colony formation in vitro and that cytokines
transmembrane glycoprotein that is a key component of TNF-a and IL,4 are partially responsible for the cytotoxic
epithelial cell adherence junctions and is involved in activity against breast and prostate cells (20,27). In this
maintaining cellular and tissue integrity (22,33,41). study, the potential modulation of cell adhesion molecule
Decreased expression of E-cadherin on epithelial cells may expression on DU 145 and PC-3 prostate tumor cells was
lead to cellular dedifferentiation and loss of cell:cell investigated.
adherence. The cells become more mobile, more
proliferative and are likely to undergo transformation, MATERIALS AND METHODS
become invasive and eventually metastatic (8,42,61). This
has been shown to be the case with prostate epithelial cells Eosinophils
and decreases in E-cadherin have been correlated with high Peripheral blood leukocytes (PBL) from eosinophilic allergic and

grade tumors (4,6,32,3738,53,54). E-cadherin has thus asthmatic individuals were fractionated on a metrizamide density
gradient (56). Hypodense (metrizamide fraction 22) and hyperdense

been considered to be a metastasis suppressor molecule (metrizamide fraction 24) cosinophilic fractions were chllected, washed
and has been used as a molecular marker of metastasis and and counted.
tumor recurrence (21,55). Other cadherins, such as neural
(N-) and placental (P-) have also been shown to function in Tumor cell lines
tumorigenesis(3,13,17,25,51).Thepresence ofN-cadherin PC-3 and DU 145 are well characterized human tumor cells

binding of the tumr to the m thereby purchased from ATCC (American Type Culture Collection, Manassas,
promotes bor stroma, VA). Tumor cell lines were subcultured with their appropriate media, PC-
facilitating invasion and metastasis. More precisely, 3 with (FI2K) containing sodium pyruvate, non-essential amino acids,
however, it is the inverse expression of N-cadherin and E- gentamycin, penicillin and streptomycin and 7% fetal bovine serum and
cadherin that has been hypothesized to regulate the DU 145 with RPMI mediun supplemented with sodiun pyruvate, non-

invasive and metastatic phenotype of the tumor essential amino acids, genramycin. penicillin and streptomycin and 10%

(3,13,38,49). fetal bovine serum.

A curative therapy for metastatic prostate cancer is non- 24 hi. Cultnred supemnatats
existent. Cytolines are known for their cytostatic and Eosinophils were isolated from peripheral blood of allergic

immunomodulatory effects on many types of tumor cells individuals by metrizamide density gradient fractionation. The cells were

-- (40)-Thew a-tulation or adhesion molecule expressson on hbatd-at-a-density-of--Fx--cellsh/l-for-24--The-nonditioned-

cells, including tumor cells has been well documented (7). supermtants were collected and used to examine their effects on the
expressions of CAM and cadherin on PC-3 and DU 145 prostate tumor

Sokoloff et al. examined the effect of cytokines on the cells.
expression of many prostate tumor markers, including
ICAMs and cadherins (45). Their results showed that TNF- Cytokines
at upregulated ICAM-1, P-cadherin, but not E-cadherin on TNF-t, RLA0 and HL-12 were purchased from R&D systems
PC-3 turrmor cells and that overall, cytokine treatment (Minneapolis, MN). Stock concentrations were prepared and stored at

reduced binding of LNCaP and DU-145 but not PC-3 cells -301C until ready for use.

to human bone marrow stromal cells. Eosinophil: tumor cell cocultsrre
With regards to host cellular immune response to DU 145 and PC-3 cells were seeded into T25 tissue culture flasks at

cancer, we have been investigating a non-classical effector a density of S x 105 cells/ml and the flasks were incubated at 37'C, under

cell, the eosinophil. Eosinophils have been most 5% C02 and 95% airculture condition fbr24 hr. The mediawas removed

comprehensively studied for their role in parasitic andhyperdense cosinophils wereadded to the subconfluent flasks at4: 1
E: T ratio for 30 min. The eosinophils were removed and the tumor cells

infestations and in allergic hypersensitivity reactions, such were harvested, then examined for the presence of adhesion molecules by
as asthma, and they are implicated in the mucosal damage flow cytometry. In some experients, 24 hr 6-well culture plates of DU
observed in bronchial asthma (5,11,36,43,45). Eosinophils, 145 and PC-3 cells (seeded at 2.5 x 105 cells per well) were cultured with
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cosinoplcils andexauniiued microscopically at various times forbinding of when eosinophils were cocultured with fibroblast cells
00ttnophils to the tumsor cells. (data not shown).

Anhantibdie weeHadIo DBocecs i~e ~ Jypodense easinophils upregulate E-cadherin on DU 145
(San Diego CA). prostate hamor cells (Fig. 2)

Having demonstrated irreversible binding of
Aialssir ofudhesio, molecide iVmoirsno hyflow cslOrCah' eosinophils to prostate tumor cells, we then investigated

(ICAM-l, VCAM-1 and ELAM-1, N-cadlscnn, ti-cadherin). which adhesion molecules were modulated by eorsinophils
Surface express~ion of adhesion nsotcctilrs was determined (with and dn ti vn.D 4 el i o xrs
without treatment with cosinophils, cosinophill conditioned supernatant%. drngthse n.DU15poaeclsdi texrs
IL- 10 and IL-.12) by flow cytomdrty (FACS Calibur; BD Biosciences VCAM-I, ELAM-I nor N-cadhenin. Subculturing of DU
Mountain View, ck). Pimac and Moirect staining methods were used 145 with eosinophils for 48 hr had no effect on VCAM-lI
wcrerdingly. In thedirect assay. Ilx 101 celinwere tinS washed with I1'M and ELAM-1, however, it resulted in N-cadherin
conainiing I% B3SA (PBS/BSA. Mo), then incubated for 45 min with expression and upregulation of E-cadhicrin.
msuracing amounts of FitC- or PE-conjugated mouse nmonoclonal
nratiliody to detect the adhesion moleculm The cells wene then washed
with cold PBS/I3SA (I %) and placed on ice until analysis. For indirect The effect of inosinophil 24 hr condaidoied stsprnotants on
gaining, cells were prepared as described for dhe diect assay. They were adhesion mnolecuile expression on PC-3 tumor cells (Fig. 3)
firm incubatled with primaly antibody for 45 min, washed with cold Modutlation of expression by conditioned suipernatants
PBSMSA, I%, then incubated for 30 mmn with goat aoti-nsouec W8, from 24 hr cultures of hypodense cosinophils was also
(FITC- or PE-conjugated) before washsing with cold PBS/BA, 1%. For
botlh direct and indtirect assays, a total of 10,000 gasted events were eained, along with cytokines IL-10 and IL-12. These
collectrd by the FACS Calibur cytomelcer Coll Ques software (BD1 cytokines, which have anticancer activity, can be produced
Biosienses) was uoed for analysis. The mean fluoenscence intensity is by activated eosinophils. PC-3 cells did not express
aePoled. ELAM-lI and E-cadherin, but they did, however, show low

level of expressions of VCAM-t and mnoderate levels of
RESULTS expression of N-cadherin. Eosinophil 24 hr conditioned

supernatants were unable to induce E-cladherin expression.
ll)odense inosinophils bindto prostate tumor cells (Fig. 1) On the other hand, there was minor induction of ELAM- I

hi the hemnatoxylin and eosin stained 48 hr cocttltures of and N-cadherin. ILA 0 up-regulated both VCAM-lI and N-
hypodeisre cosinophilIs and PC-3 prostate cancer cells (5: 1 cadherin, and induced the expression of ELAM-I and E-
E: T Ratio), cosinophil clusters (arrows) can be seen bound cadherin. IL-12 also induced ELAM-l and E-cadherin but
to lthe tumor cells (rig. 113). Tbc presence of cosinophils failed to up-regulate VCAM-l and down regulated N-
resulted in 80-90%/ death of the cells. This was not seen cadhetin.

Fig. I Hypodense eramnophils, hind to prostate tumor cells. Hypodense peripheral blond eosinophils were co-cultured (at 2: 1 r: T ratio)
with a asbeonfluent monolaycrof PC-3 prostate tumnor cells (seeded in to 6-wiell culture plates at 2.5 a 105 cel~well 24 hir prior to the addition
of cosinophils. 1he wells were observed mnicroscopically at 2 hr; 24 hr and 48 hr. At 48 hr the wells were washed with PBS. methanol-fixed
mWs galised with hensitoxylin and easin. Fig. A) shows PC-3 monolayer alone and in B) eosinophils can be seen hound (snows) to the
remaining tumtor cells.
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Fig. 2 Hypodense cosinophils upregulate E-cadherin on DU 145 prostate tumor cells. Peripheral blood hypodense eosinophils were
cultured with DU 145 tumor cells (seeded into T2 culture flasks at 5 x 101 /ml 24 hr pror) at 4: 1 E: T ratio for 30 min. The tumor cells were
harvested and examined by flow cytometry for VCAM-1, N-cadlerin and E-cadherin expression.

Pro-inflammatory and non-inflammatory cytolines up- 1 and ELAM-1, did alter this profile by upregulating E-
regulateJCAM-1 on DU 145 and PC-3 tumor cells (Fig. 4) cadherin and slightly upregulating N-cadherin. HL-12,

Eosinophils produce both inflammatory and non- however, significantly upregulated E-cadherin, but down
inflammatory cytokines, when activated. We selected the regulated N-cadherin. TNF-a upregulated ICAM-1 on
ICAM-1 adhesion molecule, which is constitutively both DU 145 and PC-3. ICAM-1 is constitutively
expressed on most cells, including the two prostate cell expressed on most cells, including tumor cells.
lines, PC-3 and DU 145, to determine whether the two Although activated eosinophils produce cytokines
cytokines IL-10 and TNF-u, had opposite effects. TNF-a which upregulate adhesion molecules, the failure of the 24
(inflammatory cytokine) up-regulated ICAM-1 on both hr conditioned supernatants to modulate adhesion
PC-3 and DU 145 and IL-10 (non-inflammatory cytokine) molecules could be due to the time (24 hr) of collection of
upregulated its expression only on DU 145. the samples. There is heterogeneity in the kinetics of

cytokine expression and a longer culture time may be
DISCUSSION required in order to capture a more comprehensive array of

expressed cytokine proteins. The effect of kinetics of
We hypothesized that activated cosinophils which may collection of eosinophil conditioned supematants has been

be found in tumor infiltrates produce cytokines which are demonstrated against breast cancer cells in vitro (28).
both tumor enhancing and inhibitory. Moreover these Another explanation for the failure of the eosinophil
cytokines may modify adhesion molecule expressions on conditioned supematants to affect CAM expression could
tumor cells thereby modifying their motility and metastatic be due to antagonism of cytokines and other expressed
capabilities. Eosinophil coculture withDU 145 tumor cells proteins (e.g. eosinophil granular proteins) thereby
had no effect on CAM expression, however, E-cadherin nullifying modulating effects on adhesion molecule
was significantly upregulated and N-cadherin was expression. Studies are currently underway to examine
minimally expressed. PC-3 cells, on the other hand collaborating effects, if any, between eosinophil expressed
expressed N-cadherin, but not E-cadherin. This profile has proteins on tumor cell growth. Both IL-10 and IL-12 have
been described as characterizing the most metastatic tumor been well studied as anticancer cytokines. In mouse
phenotype, of which PC-3 is representative (3,13,38,51). models, Steams and Wang have demonstrated inhibition of
Eosinophil 24 hr conditioned supematants had little to no tumor growth and metastasis by IL-10 (46). They have also
effect on this profile (N-cadherin was slightly upregulated). shown inhibition of prostate tumor growth and metastasis
On the other hand, IL- 10 which upregulated both VCAM- in IL-10-transfected human prostate tumor lines
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orthotopically implanted in a SCID mouse model (45). The would be expected to act more in an antagonistic fashion.
mechanism by which IL-10 inhibited metastasis was by Although we have not examined this yet (i.e. combination
down-regulation of MMP-2 expression and up-regulation IL-10/IL-12 treatment), we did find both cytokines in our
of TIMP-! expression. IL-12,. on the other hand EosAcs (to ourknowledge the switch incadherin profile on
upregulates NK and T cell activity which in turn exert a highly metastatic, human anti-androgen resistant prostate
anticancer activities (44,52,62). Hiscox's group, however, tumor cell by cytokines has not been demonstrated before.
demonstrated inhibition of binding to human colon cancer Collection of supematants at longer culture times (48, 72,
cells to matrigel in vitro (18). Flow cytometry and 96 hr) will be examined on prostate tumor cell growth and
immunohistochemistry analysis of IL-12-treated tumor adhesion molecule expression. These longer time periods
cells revealed an up-regulation of E-cadherin (18). Our may allow for greater release of cytokines at appropriate

•-std-wth-prostaft-aeer-eels-efnfns--thi - neentrationk aet arammatcmodulatio fadh n
observation that IL-12 up-regulates the E-cadherin molecules on prostate tumor cells.
metastasis suppressor molecule and offers yet another
mechanism by which IL-lO can inhibit tumor metastasis. Adusowledgments - This research was supported by the U.S. Army
The potential collaborative action of an inflammatory Medical Research and Materiel Command under DAMD 17-98-8485awarded to P.M.F.H. The investigators would like to thank Drs. Curls S.
cytokine (IL-12) and anti-inflammatory cytokine (1L-0) Waltrs and Robert Tackey (Howard University Hospital) for th"ir
to suppress tumor metastasis is very intriguing, since they assistance with flow cytometry.
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Fig. 3 The effect of eosinophil 24 hr conditioned supematants on adhesion molecule expression on PC-3 tumor cells. T2 culture flasks
were seeded as described in Fig. 2 with 5 x 105 tumor cells for 24 hr. The mediuan was removed and either eosinophil conditioned supematant,
IL-to (I ng/ml) or IL-12 (I ng/mI) were added and the flasks incubated for an additional 24 hr. The tumor cells were sypeinized and
harvested, then examined for adhesion molecule expression (VCAM-1, ELAM-1, N-cadherin and E-cadherin by flow cytometry.
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Fig. 4 Pro-inftarnuatory and anti-iraflarnnratory cytkine upregulate ICAM-1 on DU 145 and PC-3 tumor cells. DU 145 and PC-3

tumor cells were treated with ThIF.4 and IL-t0 as described in Fig. 3, then examined for ICAM-1 expression.
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Abstract - Eosinophils have been found in infiltrates of many different cancers. It is still unclear as to whether they are passive
bystanders in the cellular milieu or active cellular agents in host responses. Thus their harmful or helpful nature remains equivocal.
We have developed an in vitro tni-cell model of cosinophils, MCF-7 breast tumor cell spheroids and HUVEC endothelial cells to
examine the binding and association of eosinophils with both the tumor and the endothelia and the ensuing action of the tumor.
Eosinophils bound very rapidly to the tumor spheroid and remained tightly bound throughout the 24 hr culture period. Histological
staining of the tri-cell complex revealed highly granulated eosinophils as well as large amounts of degranulated protein diffused
throughout the spheroid. IL-5 treatment of cosinophil: MTS complexes resulted in destruction of the tumor cells, particularly those
which had grown out from the spheroid onto the endothelial cells. Eosinophils, pretreated with IL-5 before interaction with the tumor
or endothelial cells, bound aggressively to the endothelial cells, thereby preventing tumor attachment. This eosinophil tii-cell tumor
model system mimics clinical observations with regards to binding to epitheial and endothelial cells, dispersal of granular proteins
throughout the tumor and also tumor destruction. Because it closely mirrors in vivo cellular interactions, it allows one to study more
closely the mechanism(s) of eosinophil killing, the modulation of eosinophil activity and the testing of therapeutic interventions. The
accomtmodation of the model to tumor invasion, using metastatic tumor cells and extracellular matrices such as matrigel, will help to
elucidate a role for eosinophils (and their mediators) in cancer invasion and metastasis.

Key words: Eosinophits, multicellular tumor spheroids (MTS), interleuldn-5

INTRODUCTION molecules on tumor and endothelial cells (25,28). Cell
adhesion molecules (CAM's) such as intercellular

Tumor metastasis is a complex multistep event which adhesion molecule-i (ICAM-1), vascular cell adhesion
involves several discrete stages. Single tumor cells first molecule-I (VCAM-1) and endothelial leukocyte adhesion
invade the vascular or lymphatic circulation. This is molecule (ELAM-1), all play a prominent role in normal
followed by attachment to endothelial cells within target cellular trafficking as well as during inflammatory
tissues, migration through the endothelium and underlying responses when circulating leukocytes are recruited into
basement membrane, and finally proliferation within the tissue sites (26,29,31,45). Up-regulation of ICAM-1,
target site (36). The initial step of tumor cell adherence to VCAM-1 and ELAM-1 on endothelial is a prerequisite for
the vascular endothelium is a critical rate limiting step of leukocyte-endothelial cell adhesion, which must occur
the metastatic process and involves the association of before extravasation (13,27). This adhesion is mediated by
complimentary cell adhesion and integrin surface the binding ofICAM-1,VCAM-l and ELAM-l to specific

integrin receptors, LFA-l, VLA-4 and Sialyl-Lewis X,
Abbreviations: CAMs: cellular adhesion molecules; ECGF: respectively (1,5,19,21,40,41).
endothelial cell growth factor, ELAM-1: endothelial leukocyte Tumor cells also express ICAM-1, VCAM-1 an E-
adhesion molecules-I; HUVEC: human umblical vein LAM-1 (8,16,23,34,38,44,53) along with the integrins
endothelial cell; IL-Ioc interleuldn-1 alpha; IL-I[: interleuldn-I LFA-1, VLA-4 and Sialyl-Lewis X (2,11,22,32,39), and
beta; IL-5: interlckin-5; LFA-1: leukocyte function antigen-I;
MTS: multicellular tumor spheroid; VCAM-1: vascular these molecules can be upregulated on both tumor and
adhesion molecules-I; VLA-4: very late antigen-4 endothelial cells by various agents including inflammatory
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cytokines (18,32,38,40,48,49,53). Increased expression of plates overnight with medium alone, hypodense eosinophils (10,000: 1
ICAM-1, VCAM-1 and E-LAM-1 is correlated with and 1000: 1 E: T ratios) pretreated withs L-5 (5 ng/ml) or with IL-5

invasiveness and metastasis (46,53). Although cytokines present in the culture medium. MTS with associated eosinophils were
first transferred to 6-well plates containing medium to remove unbound

IL-It1e, -11 and TNFoa are cytostatic/cytotoxic to tumor eosinophils. Eosinophil: MTS were then transferred to 6-well tissue
cells, they also upregulate adhesion molecule expression culture plates, containing a confluent lawn of HUVECs (each well
on both endothelial and tumor cells (16,44). seeded with 3 x 10W cells 48 hr before use). The plates were cultured at

Eosinophils are granulocytic leukocytes which play a 37'C for 1, 4 and 24 hr. Each treatment (medium alone, IL-5 pretreated
key role in helminthic infections as well as allergic eosinuphils and eosinophil: MTS with L-5, in culture 24 hr prior to) and

each culture time was set up in duplicate. After incubation, the medium
inflammatory reactions (15,37,50). They have been found was removed, the wells were washed with PBS then stained with Giernsa

iny ini mmt nfiltratea-D ' M, "rbdg I ay--Grmvwald.Th ides--md-•t-uttwe-wtsr-were-txamnine d

breast (42). We have previously shown that activated microscopically using an Olympus BX60 phase contrast microscope
eosinophils have both cytostatic and cytotoxic effects on with video. Data were captured on computer files using Optronics
tumor cells in vitro, and moreover when tumor cells grow software.

in multicellular spheroids, eosinophils can bind and
infiltrate the spheroid (14). Eosinophils, upon activation, RESULTS

produce a host of mediators; including inflammatory and
non-inflammatory cytokines which can a) modulate Eosinophils bind to MCF-7 monolayers and multicellular

eosinophil activity; b) modulate adhesion molecule spheroids
expression on endothelial cells, and c) exert direct growth Within 30 min to 1 hr, eosinophils bound to both the
inhibition of the tumor cells (42). In this investigation we MCF-7 monolayer (Fig. IA) and to the MTS (Fig. I1B, 1C).
are developing an in vitro tri-cell tumor model system in Fig. lB depicts a spheroid (600 prtn in size) with
order to study the impact of eosinophil infiltration of the eosinophils bound (solid anrow) and unbound (dashed
tumor on its binding to endothelial cells as a first step in arrow), and Fig. 1C shows bound eosinophils to a spheroid
preventing invasion and metastasis. In this present report with necrotic core. Binding was irreversible.
we have used the non-invasive breast tumor cell MCF-7,
the human umbilical vascular endothelial cell (HUVEC) Multicellular tumor spheroids bind to HUVEC endothelial
and eosinophils to determine fitness of the model, cells

Within 1 hr (Fig. 2A) MCF-7 MTS bound to the
MATERIAL AND METHODS HUVEC monolayer. The tumor cells spread from the MTS

out over the endothelial lawn by 24 hr (Fig. 2B) and by 48
Cell lines hr (Fig. 2C) the integrity of the endothelial lawn was lost.

- MCF-7 breast tumor cell line was obtained from American Type
Cultur Collection ATCC Moanasoas.,- V. wTre ceol
RPMI medium supplemented with sodium pyruvate, non-essential 9 '
amino acids, gentamycin, penicillin/streptomycin and 10% fetal bovine When 24 hr eosinophil: MTS complexes were added to
serum (complete medium). the endothelial lawn, MTS bound to the HUVEC lawn as

- Eosinophilic cell lines (developed in our laboratory with peripheral early as 1 hr. Eosinophils can be seen bound to the MCF-7
blood cosinophils from allergic individuals) were cultured and spheroid which itself is attached to the HUVEC monolayer
maintained in RPMI complete medium.

- HUVEC endothelial cells were also obtained from ATCC, and (Fig. 3B). The arrow is pointing to a single bound
cultured in Ham's F-12K medium with 2 m.M L-glutamine adjusted to eosinophil in Fig. 3B and 3C at 20x and 100x
contain 1.5 gAl sodium bicarbonate and supplemented with 0.1 mg/ml magnification, respectively. When the nosinophils and
heparin and 0.3 nsg/nil endothelal cell growth factor (ECGF), and 10% tumor spheroid were treated with IL-5 (5 ng/ml) for 24 hr
fetal bovine senrm, gentamycin (50 pg/ml) and penicillinastreptomycin then added to the endothelial monolayer, (Fig. 3D and 3E),
(100 teits/ml, 100 ,ug/ml, respectively). unlike the non-IL-5 treated (Fig. 3G) the entire spheroid

Mldticellular tumor spheroids was covered with cosinophils, and eosinophil clusters
Donor cells were dispensed into non-vented T2 tissue culture flasks (arrow) can be seen binding to the HUVEC monolayer. At

(I xl 0 cells/flask) to which t0 ml RPMI complete medium was added, higher magnification eosinophil granules can be seen
The flasks (loose-capped) were placed in a 37°C incubator, under 5 throughout the spheroid (Fig. 3E, see arrow). On the
C0 2 95% 02 conditions for 5-10 mrin, capped, removed and placed in a
37°C incubator (without C0 2 ) on a rocking platform for 24-48 hr otherhand, when the eosinophils were pretreated with IL-5,
(rocking at 30 revs/min). The tumor aggregates [multicelludar tumor then added to the MCF-7 MTS on the HUVEC lawn of
spsemids (MTS)] were placed in 100 mm Petri dishes or 6-well plates cells, the eosinophils bound rapidly to the HUVECs (Fig.
containing 0.5% agarose overlay. Fresh medium was added and changed 3F), preventing the tumor spheroids from binding.
every two days until assay use.

Eosinophlls: MTS: HIUVEC tri-cell complax Eosinophil tri-cell complex (24 hr culture time)
Seven days old MCF-7 MTS were cultured in 6-well tissue culture Tn-cell complexes, with and without IL-5 treatment,
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Fig. I Eosinophils bind to MCF-7 monolayers and
MCF-7 multicelhilar spheroids, IMCF-7 tumor cells were
seeded into 6-well clutter plates at 3 x 105 cells /well. The
plates were thent incubated for 48 hr. Fresh nmedium was
addetd, alonig wYith eosinophils at an E:T raio of 4: 1 (A).
Eosirtophils were also culture-d with 7-day old MIS in 6-well Fig, 2 Multicellular tumor spherolds, bind to IIUVIEC,
plates with agarose overlay at E:.T ratio of 1000: 1 for 24 hr enidotheliall cells. Seven days old MCF-7 MTIS swere added to
(B and Q'. Both plater w=r obsersusl and photographed every connfluent esorolayers; of HUTVIC cells, Mie cultures were
30 titn for the first two hours then at the end of the assay. The incubated for 48 Inr. Photosnieeographs were taken every
media was removed, the cells fixed and stained with 30 main for the first 2 hr (A), then at 24 (B) and 48 hr (C).
seniatoxylin reid cosia. Magn. A, B) a 20 Magn. A) x 10; B) x 20: C) x 40
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Fi.3 MCF-7 fMfh weir cutrd nHUVEC inonolayer for I hr (A), 24 hr Eo-ginophil:MTrS cornplexq wver cultured on UHUVEC

celk for I hir (B and (7). Nxisinophils- wid MCF-7 MThS were. cultured with ULS at 5 riginl (D) and E) for 24 hr, then added to a monolayer
of HUVE'C cells for I hr. IL-5 untreairsl (G) and pr-Ireated (F) cosinopl~s were also added to MIS and IUVEC cclix (br I feir. Asamiples
were fixed and stained withi Gjem.rxay~Gnrnwald. Ma4ns. A. B, D. F. G ) x 20, C. E) x 100
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Fig. 4 Easinophil tri-cell complex (24 hr culture time). Eosinophils were cultured and all treatmenta were similar to that deacribed in
Fig. 3. The tri-cell complex, however, wvas incubated for 24 hr. A) control MTS on HUVECs; B) and C) cosinophil: MTS + FI1UVEC; D)
and E) cosinophil: MTS - IL-5 (24 hr) + HUVEC (24 hr); F, G) eosinophils + IL-5 (24 hr) + MTh and HUVEC (24 hr). Magn. A, D) x 40;
B, F) x20; C,E,G) x 100
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were cultured for 24 hr. In the untreated group, MCF-7 eosinophils have been activated because the granular
spheroids were spread out along the HUVEC monolayer proteins are seen throughout the spheroids (Fig. 3, 4). On
(Fig. 4A). The presence of eosinophils, bound and the other hand, we also observed granular proteins in the
infiltrated, (Fig. 4B) did not affect the spread of the tumor spheroids that were infiltrated by non-IL-5 treated
cells. Individual eosinophils (arrows) can be seen more eosinophils (Fig. 3). This suggests that perhaps the tumor
readily at higher magnification (Fig. 4C) bound to tumor itself is releasing something which is activating the
cells. In Fig. 4D (40x magnification), tumor cells are cosinophils to degranulate. This has been described by Ali
destroyed and there are many apoptotic-like bodies et al. (3) who demonstrated that TNF-ce stimulated breast
throughout, along with high numbers of eosinophils and carcinoma cells express mediators that can bind and
granular protein. In Fig. 4E, the arrows point to eosinophils activate eosinophils and that anti-Rantes antibody
within the spheroids (100x magnification). 24 hr tri-cell introduced into breast carcinoma cell supematants partially

.. complexes-with IL-5 pretreated eosinophils were similar to blocked eosinophil activation. After 24 hr co-culture of the
the 1 hr cultures in that the eosinophils bound vigorously to tri-cell complex, having been treated with IL-5 (Fig. 4D),
the endothelial cells (Fig. 4F), prohibiting the binding of there is extreme damage to the tumor cells, as well as dense
the tumor. In Fig. 4G eosinophils are seen attached to the areas of cosinophils and granular protein. The presence of
HUVEC cells (100x magnification). apoptotic-like bodies suggests that one mechanism of

eosinophil killing could be by apoptosis induction.
DISCUSSION Eosinophils produce granzyme B and perforins, proteins

which are the hallmark of cytotoxic T cell (CTL) and
The presence of cosinophils in and around human natural killer (NK) tumor killing (4,35). This mechanism of

tumors has been well documented (6,17,20,30,33,42,52). killing for eosinophils has been studied by Costain et al in
However, their role and mechanism(s) of action are yet to a muuine tumor model (10). Studies are ongoing to
be delineated. The current study represents the initial stages determine whether the observed cell death is apoptosis or
in the development of an eosinophil: tumor model system some other form of programmed cell death such as
which can be used to examine eosinophil activity and autophagy as described by Kanzawa et al. in malignant
modulation of that activity by various mediators. glioma cells treated with arsenic trioxide (24).
Moreover, the relationship of the individual cellular We have started the initial stages of this eosinophil:
participants can be more intimately examined. The rapid tumor: endothelium tri-cell model with which we can now
and constitutive binding to and infiltration of the tumor probe with questions about each of the cells. We can also
spheroid mimics that reported in clinical studies (7,43) and modulate the activity of each cell and study effects.
the deposition of granular proteins throughout also mirrors Modifications of the model to utilize metastatic tumor cells
that described in vivo (20,42,43). in an invasion assay will allow us to assess the influence of

Untreated eosinophils bound rapidly and tightly to the ensinophils on invasion and metastasis. Future evaluation
tumor spheroid (within 1 hr). This early time frame was of this model by confocal microscopy and electron
arbitrarily chosen, but studies by Taylor et al. (47) have microscopy will more definitively delineate the cellular
demonstrated binding of cosinophils to tumor cells as early interactions, and molecular examination of specific
as 15 min. Both tumor cells and eosinophils bind to the markers will aid in determining a clearly defined role of
endothelia by way of cell adhesion molecules and integrins eosinophils as anti-cancer effector cells.
(3,12,51). IL-5 treatment of the eosinophils and MTS, and
of the eosinophils alone markedly upregulated eosinophil Acknowledgment - This research was supported by the U.S. Army
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BACKGROUND. Host Immune response to prostate cancer primarily involves the CTL and
NK effector cells. Recent immunotherapeutic strategies incorporating cytokine genes into the
tumor cell and/or dendritic cells have had encouraging results. In this study, we describe the
inhibitory activity of a third potential effector cell, the eosinophil, against DU 145 and PC-3

•,osta te-tumor -e~llsýWth-ir-Vitro.

METHODS. Subconfluent monolayer cultures of DU 145 and PC-3 cells were incubated with
peripheral blood eosinophils from allergic or asthmatic individuals and also with eosinophil
cultured supernatants. Newly established eosinophil cell lines were also studied. After har-
vesting, the plates were washed and stained with Hematoxylin/eosin (H/E) then photo-
graphed. The combination of monolayer cell growth inhibition and colony formation inhibition
assays were used to evaluate eosinophil inhibitory activity. In the colony formation inhibition
assay one hundred cells per well in 6-well plates were incubated overnight, after which
peripheral blood eosinophils, conditioned media and cytokines, 1L4 and TNF-a were added.
The plates were harvested after 10 days incubation period. Colonies were stained and counted.
RESULTS. Hypo- and hyperdense peripheral blood eosinophils from allergic and asthmatic
individuals as well as eosinophil cell lines established from these subpopulations inhibited both
DU 145 and PC-3 cell growth at 58-78% and 10-38%, respectively. IL-5 up-regulated eosinophil
cell line activity by 21-24%. The conditioned media which contained the released mediators of
activated eosinophils were potent in their actions on both DU 145 and PC-3, inhibiting colony
formation by as much as 90-100%.
CONCLUSION. These results clearly demonstrate the inhibitory potential of activated
eosinophils and their released "soup" of mediators and therefore support the hypothesis that
eosinophils may participate in host response to prostate cancer together with CTLs and NK
cells. Furthermore, this study offers insights into possible strategies for enhancing eosinophific
activity in prostate cancer. Prostate 57:165-175, 2003. ' 2003 Wiley-Liss, inc.
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INITRODUCTION inversely correlated with Gleason grade [301. The fact
that combination of eosinophil granular proteins (e.g.,

There are virtually few, if any, treatment options for MBP) and cytokines (e.g., IL-4, IL-12, TNF-a) have anti-
hormone resistant, advanced stage prostate cancer, cancer activities [19,31-341 and most significantly,
unlike early stage local cancer which can be very eosinophil perforins and granzyme B may mediate
successfully treated [1,21. The failures of most immu- apoptotic destruction ot tumor cells similarly to -TLs
notherapeutic strategies in the past have been due to: and NK cells [35,36] led us to investigate whether
(a) lack of tumor specific antigens which resulted in activated eosinophils and IL-5 treated eosinophil cell
high levels of nonspecific immunity and (b) weakly lines could inhibit prostate tumor cell growth in vitro.
immunogenic tumor specific antigens which give rise
to less than adequate immune responses [2]. The use MATERIALSAND METHODS
of cytokines (e.g., IL-2) in the past have rendered Perip Blood Eosinotlils
moderate success because of ineffective presentation to
the effector T cells at the tumor site 13). However recent Buffy coats of dextran-sedimented peripheral blood
studies in cancer immunotherapy have shown that leukocytes (PBLs) from allergic and asthmatic indivi-
dendritic cells (DCs) were more efficient as antigen duals were washed and layered onto metrizamide
presenting cells (APCs) and were the only APCs that density gradients with refractive indexes of 1.3620,
could prime naive T cells and induce them to mature 1.3650, 1.3665, 1.3680, 1.3695, and 1.3710 which corre-
into antigen-specific effector cells [4,5]. As a result of sponded to metrizamide percentages of 18, 20, 21, 22,
this, investigators have consequently transfected DCs 23, and 24, respectively [37]. These samples were
with RNA-encoding prostate-specific antigen (PSA) centrifuged at 2,500 rpm for 30 min. Fractions 21 and
and with amplified RNA from whole tumor to induce 22 contained hypodense eosinophils while fractions 23
prostate specific cytotoxic T lymphocytes (CTLs) re- and 24 contained hyperdense eosinophils. Instead of
sponses in vitro [6-111. The resulting polyclonal pooling fractions, we selected 22 (hypodense) and 24
responses which included anti-PSA responses as well (hyperdense) fractions for this study. These fractions
as those to yet unknown tumor specific antigens, were were chosen because of reports by others [38,39] and
broader and more effective in their activity. Pruitt et aL subsequent confirmation by us that they contain high
[11] demonstrated that the response to PSA was the percentages 85-90% of hypodense M22 dnd hyper-
dominant one, even though there was some level of dense M24 eosinophils.
activity against self-antigens present on benign pros-
tate tissue. These types of studies are currently being Eoslnophilic Cell Lines
used in clinical trials 112,13). The eosinophil cell lines GRC.014.22 and GRC.014.24

The natural killer (NK) cell had also received much were established in our laboratory by transforming
attention because of its ability to selectively kill tumor the metrizamide density gradient fractions 22 and 24,
cells and because of IL-2 induced augmentation of its obtained above, with Epstein-Barr virus.
tumoricidal activity 114,15]. Recent studies have
demonstrated a strong correlation between NK activity Eosinophil Sublines
and prostate cancer spread as well as tumor grade. The
use of NK activity as a probe for tumor metastasis has These cell lines were obtained by FACS sorting
proven useful and statistically reliable similarly to PSA of parental lines, GRC.014.22 and GRC.014.24 with
serum levels [16,171. Studies on NK activity in prostate monoclonal antibody, anti-CCR3, yielding sublines
cancer involving gene therapy with cytokines and other GRC.014.22S and GRC.014.24S, respectively. Further
therapeutic agents have strongly delineated the role of sorting of CCR3+ cells (GRC.014.24S) was done
N( cell activity [18-221. using monoclonal antibody anti-CD49d to obtain

In the present study, we have examined the role of a GRC.014.24S.CD49d cells. The eosinophil parental cell
third "super" effector cell in cancer immunotherapy. lines and their sublines were routinely treated with
Eosinophils are highly recognized as inflammatory mycoplasma removal agent and they tested negative
cell -in-helmin thicinfectionawand-alergic-wthmatie for mycoplas I
reactions, but there is a controversy about their role in Conditioned Media (Superatants)
cancer. Eosinophil infiltrates have been readily detect-
ed in histological preparations of tumor tissues from Peripheral blood eosinophils (1.0 x 106 cells/ml)
various tumor types (e.g., breast, cervical, colon, and were cultured for 24 hr in complete RPMI 1640 media
lung), but none currently in prostate cancer 123-29]. [supplemented with penicillin/streptomycin (100 U/
Nonetheless, eosinophil crystalloids have been detect- ml/100 vig/mr), gentamycin (50 jig/ml), and 10% fetal
ed at prostate tissue sites and their presence has been bovine serum (FBS)]. Replicates of eosinophil parental
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cell lines and sub-lines (1.0 x 10s cells/ml) were above. After 24 hr of initial incubation, the cell media
cultured in complete RPMI 1640 media for 24, 48, and were removed and the conditioned media or cytoidnes,
72 hr. Supernatants were collected after centrifugation IL-4 and TNF-a were added at various concentrations.
at 1.500 rpm for 30 min, aliquoted and stored at -80'C The plates were further incubated for 48 and 72 hr as
until ready for use. described above. Fresh media were added to replicate

wells, which served as controls. At the end of the
Tumor Cell Lines incubation period, the cells were harvested, washed 3 x

with PBS, fixed and then stained with H/E. The data
DU 145 was purchased from American Type Culture were qualitatively analyzed by means of light micro-

Collection (ATCC), Manassas, VA. It was propagated scopy and photodocumentation. The data were also
in complete RPMI 1640 media in a humidified atmo- quantified by direct measurement of cell density per
sphere of 5% CO2 and 95% air. The PC-3 tumor cell well using a Chemi-imager 4000 (Alpha Innotech
line was also purchased from ATCC. This cell line Corp., San Leandro, CA) analysis, which is briefly
was propagated in Hank's F12K medium (ATCC), described as follows. First, the well area was deter-
[supplemented with peniciflin/streptomycin (100 U/ mined and saved as the spot overlay. This was used
ml/100 jig/mi), gentamycin (50 jig/ml), and 10% FBSl. throughout to overlay each well in the plate in order to
Both cell lines grow in culture as monolayers, and were standardize the area of all the wells. Then wells were
routinely treated with mycoplasma removal agent and selected, and their integrated density value (IDV) was
tested for mycoplasma. All cell cultures tested negative determined. The IDV is the sum of all pixel values after
for mycoplasma. background correction. Because the average value

(AVG) is equal to the IDV per area (whereby area is
EXPERIMENTAL METHOD constant), we used AVG as a comparative value. We

Inhibition of tumor cell growth was the standard then compared the IDV of the control (media alone)

end-point in this study. This was determined by with that of the test samples. The percent inhibition was

monolayer cell growth inhibition and colony formation calculated as follows:
inhibition assays. Growth inhibition of DU 145 and PC- % Growth inhibition =
3 monolayer cells and colonies were assayed with Average rDV (control) - Average IDV (test)x 1001
activated eosinophils and with conditioned media 1
from activated eosinophils and eosinophil cell lines. L Average IDV control

Monolayer Growth Inhibition Colony Formation Inhibition Assay

Eosinophil: tumor. Tumor cells were seeded into Six-well culture plates were seeded with 102 tumor
either 6-well cluster plates at 3 x 105 cells/well or 12- cells/well. The plates were incubated overnight to
well cluster plates at 1.5 x 10s cells/well. The plates allow the cells to adhere, after which the media were
were incubated for24 hrat37'Cinanatmosphereof5% removed and peripheral blood eosinophils (with and
CO 2 and 95% air. The media were removed at the end without IL-5) were added at various E:T ratios in
of incubation. Eosinophils from peripheral blood of replicates. The plates were then incubated for 10 days.
allergic and asthmatic individuals and from eosinophil Control wells contained media alone. At the end of the
cell lines were added to each well at various effector:- incubation period, the effector cells were removed, the
target (E:T) ratios, and the plates were further incu- wells were washed 3 x with PBS, fixed with methanol
bated for 48-72 hr. the time at which control wells and then stained with HE. The colonies were count-
(media alone) became confluent. Replicates of test and ed manually for both test and control in a double blind
control wells were carried out in all the experiments, fashion. Conditioned media from both peripheral

blood eosinophils, eosinophil cell lines and also cyto-
Conditioned media and cytokine inhibition. The kines IL-4 and TNF-a were assayed similarly for
effect of conditioned media and cytokines on tumor inhibition of colony formation. Percent inhibition was
cell growth was determined similarly as described determined as follows:

V, Inhibition of colony formation = ý[Average no. of colonies (control) - Average no. of colonies (test) x 1 ()1]
L nAverage no. of colonies (control)
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ELISA Analysis even greater at both 5:1 (78%) and 10:1 (75%). These

The ELISA assay was used to measure cytokine growth inhibitions were statistically significant at

concentrations in conditioned media from c P < 0.001. Growth inhibition observed with tumor cell

peripheral blood easinophils (hypo.- and hyperdense) monolayers was confirmed by colony formation inhi-

and eosinophil cell lines. ELISA kits for IL-4, TNF-a, bition assay as shown in Figure B. Both hypo- and

and others were -purchased from R&D Systems hyperdenseeosinophils inhibited colony formation in a

(Minneapolis, MN). These assays were carried out dose-dependent manner. Percent inhibition was com-

according to manufacturer's procedure. parable, ranging from 52% at E:T ratio of 5:1 to 88% at
50:1 (hypodense) and 66% at 5:1 to 92% (hyperdense),

RESULTS both with P values <0.0001.

Peripheral Blood Eosinophils Inhibit PC-3 Growth Inhibition of DU 145 and PC-3 by Peripheral
Tumor Cell Growth Blood Eosinophils From Non-Allergic Individuals

In Figure 1 A, hypodense eosinophils obtained from In Figure 2, nonallergic peripheral blood eosinophils
the peripheral blood of an allergic individual inhibited were less effective in inhibiting tumor cell growth.
PC-3 tumor cell growth in a dose-dependent fashion. Inhibition of PC-3 monolayer growth (Fig. 2A) ranged
Inhibition ranged from 58% at E:T ratio of 5:1 to 75% at from 22% (1:1) to 36% (10:1). The activity against DU 145
25:1, while inhibition by the hyperdense fraction was was 12% at 1:1 and decreased to zero at 10:1. Inhibition

100o A
90

o40-

~30O
E:T Ratio

10

25:1

0

e0z

0

EO 4

u - 60 iiiig

at 210ii~iET ai

~ 0
Hypodens Hyperdene:

PERIPt4ERAL BLOOD EOSIIJOPHILS

Fig. 1. Peripheral blood eosinophlla inhibit PC-3 tumor cell growth. A: PC-3 tumor celia were seeded In replicates Into 12-well plates at
1.5 x 105 cells/well and Incubated overnight. Easinophil subpopulatlons (hypo- and hyperdense) were added at various E.Tratios (5:1, 10:1, 25:1).
The plates were incubated for an add itionali72hr, rinsed 3 x with PBS, fixed, stained, and the percentage ofgrowch inhibition determined. B: PC-
3tumor celia were seeded in replicates at 102 cells per well. After24 hr incubation, hypo- and hyperdenseeoslnophls were added at various ET
ratios (5:1, 10:1, S0:1).The plateswere incubated for an additional 10 days.The number ofcolonies was enumerated.
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A eosinophil fractions from several allergic individuals.
As summarized in Figure 3A, the eosinophil condi-
tioned media of hypo- and hyperdense fractions from

j30 all donors significantly inhibited growth of DU 145 and
PC-3 tumor cells by 22-68% with P values <0.05 to
<0.0001. The conditioned media from donor I hypo-I dense eosinophils had minimal growth inhibitory
effect on DU 145 and PC-3 tumor cells (26% and 22%,
respectively). The conditioned media from donor 3 hy-

0 podense eosinophils were more effective in inhibitingI lDU 145 cell growth than hyperdense eosinophils from
the same donor (52% vs. 22%), while the conditioned
media from donor 4 hyperdense eosinophils were more

1:1 5:1 10:1 potent against the growth of both tumor cell lines.
DU 14- S P3 However, the percent growth inhibitions of DU 145 and

so- PC-3 tumor cells by conditioned media from donor 4

BB hyperdense eosinophils were similar to those of donor
3 hypodense cells. The conditioned media from both

Z40 eosinophil populations (hypo- and hyperdense) from
I donors 1, 2, and 3, significantly inhibited colony forma-

3-0 tion of PC-3 cells by greater than 90% (P < 0.0001) as
shown in Figure 3B.

�lEsinophil Cell Lines Inhibit ProstateTumor

"Cell Growth

V Our laboratory has developed eosinophil cell lines
from peripheral blood eosinophils of allergic indi-

10:1 100:1 1000:1 viduals because of the following reasons: (a) low

numbers of eosinophils in peripheral blood (5%); (b)
E:T Ratio need of large volumes of blood from individual donors;

Fig. 2. GrowthlnhibitionofDUl45andPC-3byperlpheralblood and (c) inconvenience of multiple drawings of blood

eosinophllsfromnonallergiclndividuals. DUI45andPC-3tumorcells from the same donors. We have tested the functional

were seeded in 12-well culture plates similarly to that described In activity of these cell lines against DU 145 and PC-3

Figure I, i.e.. at 1.5 x i0s cellhwell and Incubated overnight. Pooled tumor cell lines and the results are summarized in
eosilnophils fractions (hypo- and hyper) were added at E:Tratios 1:1. Figure 4A,B. Cell line GRC.014.22 (established from

_ ;I (kr¢•us fth e kw-u mber•[e.snohtlx•tnedwer hypodense-eo oph)-a- ffe n- nd--
pooledthenormo-andhyperdensefractlonsýTheplateswerelncu- PC-3 at E:T ratio of 1:1, minimal effect at 10:1 (20% and
bated for72 hr, rinsed with PBS, fixed and stalned.Test and control 10%, respectively) and a more variable effect at 25:1
wells were performed in triplicates.The percentgrowth Inhibition (10% and 38%, respectively), as shown in Figure 4A.
was determined. Experiments were set up In triplicate. Colony However, after treating these hypodense eosinophils
growth inhibitlon assays, DUI45 and PC-3 tumorcells were seeded with IL-S (5 ng/ml), the growth inhibition of DU 145
at 102cellsperwell.Post24hrlncubaion,eosinophilsfractionaswere ith by 12 athe ro tio of D b3 a
addedatl0:llOO:l.aediOOO:lE:TratkoaTheplateswereincubatedfor increased by 12% at E:T ratio of 10:W and by 30% at

0 days at 37C, 5%CO2 .The numberofcolonieswere enumerated. 1:1 ratio (Fig. 4A). When PC-3 tumor cells were used as
targets for IL-5-treated hypodense eosinophils, the

of PC-3 colony growth confirmed that seen with the percent growth inhibition of tumor cells increased by
monolayer assay. PC-3 was more sensitive than DU 145 8% at E:T ratio of 25:1, by 30% at ratio of 10:1, and by
tumor cells. 34% at the 1:1 ratio (Fig. 4A). Similar results were

obtained from GRC.014.24 (hyperdense) cell line
Inhibition of ProstateTumor Cell Growth by 24 hr treated with and without IL-5 (Fig. 4B).

(Eosinophil Conditioned Media)

In an effort to determine whether inhibition was Conditioned Media From Eosinophil Cell Lines

mediated by soluble substances released by eosino- Inhibits DU 14S Colony Growth Formation

phils, tumor cells were treated with 24 hr. conditioned Eosinophil cell lines were cultured at 37°C for 24,48,
media collected from hypodense and hyperdense and 72 hr. Serial twofold dilutions were made of
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Fig. 3. Inhibition of prostate tumor cell growth by 24 hr eo~dnophil conditioned media. A: PC-3 and DU 145 tumor tells were seeded in repil-
cates into 12-well plates at 1.5 x 10s cells/well and lncubatedovernight.The media was removed and replaced with 24 hr Peripheral Blood Easino.
Phil Conditioned Media from hypo- and hyperdense fractions of different donorsThe plates were Incubated for an additional 72 hr. After which
the wells were rinsed 3 x with PBS. fixed with H &E. stained, and the pe rcencgrowch inhibition was determined. B: Replicates ofPC- 3tumor cells
were seeded into 6-well plates as 102 cella per well and Incubated overnight at 37'C. After 24 hrincubatlon, easinophil conditioned media from
various donors were added.The plates were Incubated for an additional I0 days.The number oftolonies was enumerated.

the captured supernatants (conditioned media) which of DU 145 colony formation, 68% and 65%, respectively
were then examined for inhibition of DU 145 colony (Fig. 5A). Next, the conditioned media obtained from
growth formation. The results are summarized in the FACS sorted CCR.V hypodense eusinophil cell
Figure 5A, B. As depicted in Figure 5A, GRC.014. 22 subline, GRC.01 4.22S, were studied for their inhibitory
conditioned media, obtained from 24 hr incubation of effects on colony growth formation of DUi 145 tumor
this hypodense eosinophil cell line, inhibited growth of cells. As shown in Figure SA, the conditioned media
DU 145 colonies by 76% at 1kdilution, 42% at V4 and 28% obtained from all incubations (24, 48, and 72 hr) of
at the 1/8 dilution. The conditioned media at % dilu- GRC.014.22S dramatically abrogated colony growth
tion obtained from 48 and 72 hr incubations of this formation of DUi 145 tumor cells at all dilutions except
hypodense cell line gave comparable growth inhibition the 1/8 dilution of the 24 hr incubation. This condi-
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Fig. 4. Eosinophll cell lines inhibit prostate monolayer tumor cell growth. PC-3 and DU 145 tumor cells were seeded into 12-well plates at
1.5 x les cells/well and incubated overnight. Effector cells from the hypodense eosinophil cell line that were pretreated with .-5 (I ng/ml) for
24 hr were added in replicates tothe seeded cells atvarious E:Tratios.The plates were incubated for an additional 72 hr, rinsed 3x with PBS, fixed,
and then stained.The percentage of rowth Inhibition was determined.

tioned media inhibited colony growth formation of colony growth formation at the 1/2 dilution of media
tumor cells by 70%. We also examined the conditioned obtained from 48 and 72 hr incubations but exerted
media obtained from the culture of hyperdense percent growth inhibitions that were superior to those
GRC.014.24 eosinophil cell line, following incubation of the hyperdense parental cell line GRC.014.24 with all
at 370C for 24, 48, and 72 hr. The effects of these the other dilutions at 48 and 72 hr incubations (Fig. 5B).
hyperdense conditioned media on the colony growth
formation of DU 145 tumor cells are shown in Figure 51. 16.4 and TNF-a Inhibit Tumor Cell Growth
These conditioned media exerted greater inhibition
ot colony tormation (HIg. 5B) than those ot hypodense BothIL-4and TNF-1 were detected m our eosinophil
cell line, GRC.014.22 (Fig. 5A). In comparison, the conditioned media (data not shown). We in turn
conditioned media from the hyperdense cell line studied the effects of commercial IL-4 and TNF-ct on
showed >90% inhibition of colony growth formation DU 145 and PC-3 monolayer cell growth. Overall, TNF-
with the 1/2 dilution of media obtained from 48 and c was more effective in inhibiting both DU 145 and PC-
72 hr incubations compared to 62-67% inhibition ob- 3 growth. The percent growth inhibition ranged from
tained with hypodense conditioned media at the same 36% (10 ng/ml) to 100% (100 ng/ml) with the use of
dilution. Furthermore, we examined the conditioned TNF-c, while the activity obtained with IL-4 was less
media obtained from FACS sorted CCR3+ and CCR3+, than that of TNF-m.The maximal inhibition (42%)of DU
VLA-4' hyperdense eosinophil sublines, GRC.014.24S 145 monolayer cell growth was obtained with 50 ng/ml
and GRC.014.24S.CD49d, respectively, on the colony of IL-4 (Fig. 6).
growth formation of DU 145 tumor cells. The results are
shown in Figure 5B. The conditioned media from
GRC.014.24S demonstrated 100% inhibition of DU 145 DISCUSSION
colony growth formation with the 1/2 dilution of To the best of our knowledge, our data show for the
media obtained from 48 hr incubation and with all the first time that hypo- and hyperdense eosinophils from
dilutions of media obtained from 72 hr incubation, as peripheral blood of allergic and asthmatic individuals
shown in Figure 5B. The GRC.014.24S.CD49d condi- inhibit growth of prostate tumor cell lines, DU 145 and
tioned media only gave 100% inhibition of DU 145 PC-3 in vitro. These observations were made both with
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at 102 cella/wliand incubated overnight at 37C.Thewellswere treated with various dilutons conditioned medlaobtained following incubatlons
of eosinophil parental cell lines and their sublines for different 24,48, and 72 h r.The numberof colonies was counted foreach dilution.

monolayer cell cultures and colony formation assays of (hypodense), 23 and 24 (hyperdense), respectively. We
these cell lines. Based on our studies, eosinophils in the selected fractions 22 and 24 for this study. If there were
hypo- and hyperdense fractions were effective in in- a mixture of the two subpopulations of cells, it would
hibiting growth of these prostate tumor cell lines, occur at fraction 23 (density 1.3695). Another possible
Hypodense eosinophils have been routinely found to explanation for this observed activity in the hyper-
be the most active and potent effectors of the two dense subpopulation of eosinophils could simply be
subpopulations of eosinophils in conditions such as that these cells are removed from the peripheral blood
asthma, allergy, and parasitic disease [40,411. The fact of individuals who are in a state of hyperactivity (due
that this was not seen in our studies could be due to the either to an allergic or asthmatic reaction). Once out of
presence of hypodense eosinophils contaminating the the body, this state of activity is continuous for a short
hyperdense fraction. This is unlikely, however, because period of time without some kind of stimulus. Hence
hypodense eosinophils, on metrizamide density gra- there are cells that have already released their granular
dients are located at a peak density between 1.3665 contents (hypodense); those in the process of degranu-
and 1.3680, while hyper- or normodense eosinophils lating and still those at various stages of activation
are found between 1.3695 and 1.3710 [37-39]. These along this continuum. The hyperdense fractions may
are reflected in the metrizarmide percentages 21, 22 have been captured at a stage of readiness for
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and Incubated overnight. After 24 hr Incubation, the cells were treated with IL- 4 and TNF-m In replicates at various concentrations for an addI-
tional 72 hr.The wells were rinsed 3 x with PBS. fixed, and then stained.The percentage ofgrowth inhibition was determined.

degranuilation to almost degranulating and hence upon [43-451. The data from such observation remain
capture in vitro could show potent activity upon degra- inconclusive, however, as other investigators have not
nulation. Piecemeal degranulation studies of periph- confirmed this [46-48].
eral blood eosinophils bear this hypothesis out [421. Few, if any, studies have actually demonstrated

Non-allergic eosinophils were less effective than eosinophilic infiltration of prostate tumors, however,
allergic eosinophils as was expected since they were the presence of eosinophil crystalloids in prostate
nonactivated and therefore contained far fewer gran- tumor and hyperplastic tissue has been well documen-
tules, hence less toxicity. Although not shown here ted [49-511. This is a clear indication of eosinophil
against prostate tumor cells, we have previously de- presence at some point in time. Moreover, Luna More
monstrated that 24 hr supernatants from IL-5-treated et al. [52] have demonstrated an inverse relationship
non-allergic eosinophils inhibited breast tumor cells by between the intensity of eosinophil crystalloids and
as much as 60% (data not shown). One of the observa- Gleason grade.
tions made from these studies is that eosinophils In order to avoid the dilemma of low eosinophils
bound tightly to the tumor cells, moreso with DU 145 numbers and still be able to have an available resource
than PC-3, resulting in an apparent decrease in percent of eosinophils to carry out in depth studies of their
inhibition as the E:T ratio increased. Hence even in the biology, functional anti-cancer activity, gene expres-
presence of inhibition, bound eosinophils increased sion profiles, etc., we have developed eosinophil cell
the opaqueness of the cell lawn and was measured by lines from peripheral blood eosinophils of allergic and
the densitometer, with measurements approaching that asthmatic individuals. In examining their functional
of the control In the colony assay, bound eosinophils activity against prostate tumor cell lines, our data show
also gave the appearance of colonies and was therefore 30-38% killing by eosinophil cell lines GRC.014.22
counted, thereby skewing the data somewhat. This and GRC.014.24 which is enhanced by as much as 24%
skewing of data was more pronounced with the control by 1L-5. Colony formation assays revealed extreme
eosinophils because the killing was not as dramatic as potency of cultured supematants from these parental
with the activated eosinophils. cell lines as well as from their sublines, GRC.014.22S,

There have been very few investigations on the role GRC.014.24S, and GRC.014.24s.CD49d. Overall, the
of eosinophils as anti-cancer effector cells in prostate data clearly show that eosinophil and eosinophil sub-
cancer, but none have demonstrated effector growth lines release products into ,the cultured medium
inhibition by eosinophils as the present study has done. which have very potent inhibitory effects on DU 145
There have, on the other hand, been several studies on and PC-3 cells.
eosinophils in other cancers such as cervical, colon, Altogether these data, offer very intriguing insights
lung, and gastric [23-29]. While tissue associated blood into a potential role of eosinophils as anti-prostate
eosinophilia (TBE) has been associated with tumor cancer effectors. It is well-known that eosinophil
spread and poor prognosis, tumor-associated tissue chemokines as well as cytokines are able to recruit
eosinophilia has been associated with a good prognosis them into sights of inflammation [53,541 and moreover,
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IL-5 and other cytokines or growth factors (e.g. IL-3, 13. DallalRM, LotzaMT.Imnmnotherapyofmetastasis.SurgOncol

GM-CSF, IL-5) can activate eosinophils 1551 to de- Clin N Am 2001;10433-447,ixL

granulate and unleash their toxic substances (e.g., 14. Kawakami Y, Custer MC, Rosenberg SA, Lotze MT. I1-4

MBP, ECP, EDN, EPO, 02, LTC,), all of which may regulates I 2 induction of lymphokine-activated killer activity
have potential toxiceffects on tumor cells [561. These 1from human lymphocytes. J Immnol 1989;142:3452-3461.
s tane s po alog wtoxic ef e ontuorces [5] These 15. Wiebke EA, Custer MC, Rosenberg SA, Lotze MT. Cytokines
substances, along with the performs and granzy- alter target cell susceptibllty to lysis: L Evaluation of non-major
mes, support the hypothesis that the eosinophil is histeompatilty complex-restricted effectors reveals differ-
evolving as a potentially powerful, multi-functional ential effects on natural and lymphokine-activated killing. J Biol
(immunoregulatory, cytostatic, cytotoxic) cell in the Response Mod 1990,,9:113-126.
immune arsenal against cancer, with several potential 16. Kastelan M, Kralc 1. Tarle M. NK cell activity in treated prostate

mechanisms of killing, e.g., antibody dependent cell cancer patients as a probe for circulating tumor cells: Hormone
regulatory effects in vivo. Prostate 1992-21:111-120.

cytotoxiity (ADCC), apoptotic induction, and cytoly- 17. Tarle M, Kraljic 1, Kastelan M. Comparison between NK cell
sis. Further studies have to be done to elucidate much activity and prostate cancer stage and grade in untreated
of this mechanism as well as to develop strategies for patienta:Correlationwith tumor markers and hormonalserotest

enhancing eosinophilic presence and tumoricidal ac- data. Urol Res 1993;21:17-21.
tivity in prostate cancer. 18. Suzuki KI Nakazato H, Matsul H, Hasuml M, Shibata Y, Ito K,
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Dear Dr. Furbent-Harris:

I am delighted to invite you to participate as a main speaker at the 7th Inte'national
Conference of Anticancer Research, 25-30 October 2004, Corfu, Greece.

Your participation in all the scientific and social events will enhance the success of the
conference.

This conference will comprise:

a. Regular sessions of oral and poster presentations.
b. Special sessions on topics of current importance.
c. The participation of ten scientific societies.
d. A session on the scope and establishment of the International Institute of Anticancer

Research, Athens, Greece. This session will also include the description and discussion
of several cooperative research projects and a detailed schedule of the activities of the
International Conference of Anticancer Research.

e. Various social and cultural events.

Please note that according to our policy, we can only cover the registration fees of all invited
scientists. This policy has enabled these conferences (a) to be independent and (b) to offer
low accommodation fees for all participants. Also please note that Olympic Airlines, ANEK
Lines and Minoan Lines offer significant discounts on their fares to Corfu for the conference.
Detailed Information about the conference is enclosed.

I am always grateful for your contributions and help.
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With my best regards,

Yours sincerely,

John G. Delinassios
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Dear Dr. Furbert-Harris

You have published recently a remarkable paper in my journal, the ((Cellular and
Molecular Biology _2__2003 Mol4(7:09. f..
CF--erino-i"--tunior cells.

You have to know that we are highly interested to publish Themes which are of the
greatest interest for our readers and scientists, particularly when there does not exist a recent
book or survey on the matter.

That is the case with the Suppressor Molecule E-Cadherin which meits to be better
known in all its implications in diverse tissues. Your contribution has therefore afforded new
insights in its activity in the upregulation of the metastasis on prostate cancer. My proposal is
to incite you to publish an entire issue of my journal devoted to the Suppressor Molecule E-
Cadherin which plays a major role in many metabolisms and not only in cancer. I would be
highly interested if you would explore all the aspects of this molecule of great interest.

That would need from you to solicit other authors to submit to you each one a paper
on his researches on Suppressor Molecule E-Cadherin . In order to be able to publish one
issue it is traditional that a "Guest Editor" of such an issue indicates to us about forty
addresses, with complete data including e-mails so that we can write to these authors.

You send to us a solicitation letter, indicating your own data which we will integrate in
a letterhead of our journal. We write all forty letters and sign them with your signature
obtained by e-mail. We post them and you will receive the answers of the authors. At that
moment you send us the list of all those having accepted. We take contact with the authors
and give them all necessary indications how to present the paper, by requesting them to visit
our site: cellmolbiol.com where they find them.

We take therefore in charge all other steps until the final printing, your activity being
just to control the quality of the english language and if the instructions have been respected,
among them principally if the references are well presented in an alphanumerical order.

Your reward will be a free subscription for one year to our journal (600$) and as much
modem books of your field as you want. I will explain you how to obtain them from us.

If my proposal has an interest for you, please be so kind as to answer to me. I thank
you very much in advance. Howard University is subscribing our journal since the beginning.

Yours very since c er

Professor Raymond J.WEGMANN, MD, DSci(State), Dhc (Japan & 14 others), MA
Member of the Academy of Science of Brazil
Former Dean of the Rutgers University Medical School, New Jersey
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Dear Dr. Furbent-Hards:

I am pleased to announce the organization of a special issue of in vivo on
"New Anticancer Agents: In Vitro and In Vivo Evaluation". This issue will
encompass all current research trends in the field of synthesis, evaluation and
mechanism of action of new anticancer agents.

On behalf of the Editorial Board of in vivo I wish to invite you to contribute an
original or review article for this special issue. Kindly follow the instructions to
authors of in vivo and consider 31 October 2004 as a deadline for
submission of your paper.

In 2003 in vivo has attained an exceptional popularity with over 500
subscriptions worldwide comprising all the main libraries of Universities,
Hospitals and Industry. All submitted articles are expertly reviewed and rapidly
published within 3-8 weeks from acceptance.

I also wish to Invite you to the 7 th International Conference of Anticancer
Research, 25-30 October 2004, Corfu, Greece. Information and an invitation
letter are enclosed.

With my best wishes,

Yours sincerely,

John G. Delinassios
Managing Editor


